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ABSTRACT 
Ergot or sugary disease of sorghum, caused by Spl~acrlra sorgllr McRae, is one of the 
destruct~ve dlseases of sorghum T\\o different species of (%n'rcrps, \,I:, (I sorgl~r and C. 
a j r ~ c a ~ l c ~  have been reported to cause ergot in India However, the distribution of these two ergot 
pathogens from different parts of sorghum growing areas is not known Hence, the present 
investigation was taken up with 89 sorghum ergot ~solates collected from major sorghum 
growlng areas In Uttar Pradesh, Rajasthan, Gujarat, Maharashtra, Andhra Pradesh, Karnataka 
and Tam11 Nadu to study the diversity among the isolates The isolates were maintained on 
sorghum male sterile line 296A by periodic spray inoculat~on with conidial suspension Each 
isolate was cultured on TI agar medium using young sphacelia obtaned from Fresh infected 
panicle of sorghum male stenle line 296A The isolates d~ffered distinctly in their cultural 
characters on T2 agar medium Of the 89 isolates studied, 84 isolates produced compact, fleshy, 
raised and non-spomlating colony on the medium (Group-1), whereas, only five isolates 
produced cottony, velvety, submerged and spomlating colony on TI agar medium (Group-11) 
Eight ~solates vr: , N12, N15, N112, GUJ6, MH71, AP17, SK-20-24 and IN13  from Group-I and 
two isolates PI,-, NAP7 and MH74 from Group-11 were selected representing d~fferent 
geographical locations of sorghum growing areas of the country for further studies, pertaining to 
111 \n.o vanations in morphology of sphacelia, conidia and sclerotia, the effect of temperature and 
relative humidity on secondary conidia production, the extent of disease spread and host range 
The isolates belonging to two distinct goups  vaned widely with respect to morphology 
of sphacelia. conidia and sclerotia Variations were also observed within the isolates of the same 
y o u p  The isolates belonging to Group-1 produced smaller (2 92-3 6 x 1 9-2 26 mm), conical to 
spherical sphacelia, oblong to ellipsoidal, bigger sized (10 29-18 x 6 43-9pm) macroconidia, and 
spherical microconidia The isolates belonging to Group-11 produced bigger sued (4 3 8 4  72 x 
2.94-3 06 mm), oblong to cylindrical sphacelia, narrow, cylindrical to  ellipsoidal, comparatively 
smaller (9-18 x 5 14-7 71j.lm) macroconidia and spherical microconidia 
None of the isolates under study produced sclerotia even after incubation at 3S°C and at 
40 per cent relative humidity for ?. months in growth chambers Morphology of the sclerotia 
collected from field infected sorghum plants was studied for the seven ergot isolates w:, NAP?, 
NAPS, NAP7. NAPIZ, NAPI3, AKI and SK-20.24 The sclerotia of Group-1 isolates were 
shorter than the Group-II isolates Sclerotia of Group1 isolates (AKI, N112, and SK-20-24) 
were conical to spherical in shape and short measuring 3 1 - 4  42 x 1 4-1 82 mm in size whereas, 
the sclerotia of Group-11 ~solates (NAP1. NAPS. NAP7, and NAPl3) uere cylindrical to  conical 
and long measuring 8 l b 10 24 x 1 84-2 0 1  mm in size 
lsolates differed distinctly in the extent of secondary conidia production Group-] 
isolates produced more number of secondary conidia, whereas, Group-I1 isolates produced least 
number of secondary conidia at all the temperatures (10.15,20,25.30 and 35°C) and relative 
humidity (RH) (80, 85, 90, 95 and 100°6) levels tested Of the different temperature and RH 
levels tested, a temperature of 2SCC and relative humidity of 100% were found to be the best for 
secondary conidia production Among the Group-I isolates N12 produced more number of 
secondary conidia, and among Group-I1 isolates NAP7 produced least number of secondary 
conidia at 25C temperature and 100 per cent relative humidity 
The pattern and spread ot'the disease of two distinct isolates (N12 and NAP7) have been 
tested In gro\+lh chambers The present investigation confirmed the aerial spread of the disease 
through secondary conidia produced by the pathogen The ergot incidence was more (71 21%) 
with N12 isolate than NAP7 isolate (15 15%) There was no definite pattern observed in the 
appearance of the disease as the test plants away or nearer from the central source of secondary 
conidia s h o ~ e d  the same disease incidence The per cent of infected spikelets was high (5 36) 
with N12 isolate as agalnst a very low per cent of infected spikelets with KAP7 isolate (0 42) 
Of the 20 graminaceous plant species tested for their susceptibil~ty to ergot pathogen 
under artifical inoculated conditions only Surgl~rnn rrrrrrnlrrrucrrmt, S hirleperr.sr. S ~ ' r rp l r~ r r ,  S. 
~~ersrcolor and Prrsrrse/rrni glur~crirn ae re  found to be ~nfected by all the ten representatih'e 
sorghum ergot isolates Microscopic examination of the honey dew collected from the infected 
hosts, revealed certain variations with respect to the shape of macroconidia The macroconidia 
on P. gluricrrm were showing dimorph~sm, w~th  elliptical and elongated or spindle shaped 
macroconida, whle the macroconidia on wild sorghum genotypes were thinner than those on 
sorghum There was significant reduct~on ~n the size of macroconidia on different host plants 
was observed, when compared to the macroconidia on sorghum male sterile line 296A, with all 
the representative isolates tested 
Based on the studies conducted, it is evident that the isolates belonging to Group-I are 
putatively identified as Clm?ceps ufrrcnrm and isolates belonging to Group-I1 are putatively 
identified as Clavrceps sorghr, indicating that in India the pathogen C ajrrcotru predominates in 
all the sorghum growing areas, whereas, the pathogen I: sorghr is restricted to cenain regions of 
sorghum g r o ~ i n g  areas 1.1: Adilabad resion in Andhra Pradesh and Bori region in Karnataka 
Among the two distinct groups of isolates, variation persists within the groups, in all the 
characters studied, showing existence of greater diversity in ergot pathogen present in India 

CHAPTER I 
INTRODUCTION 
Sorghum, Sorghrm brcalor (L ) Moench, is an important cereal crop ranking fourth afler 
rice, wheat and maize and is grown as a staple food in semi-arid tropics and sub-arids, 
throughout the world As a drought resistant crop, sorghum is adapted to a wide range of 
ecological conditions and produces reasonable grain yields under conditions unsuitable for most 
other cereals (Rosewich, 1996) The total area under sorghum cult~vation is 44 82 million 
hectares with a production and productivity o f  65 81 million tomes and 1468 Kg ha.' 
respectively (FAO, 1999) It is cultivated mainly for food, feed, beverage and fodder In India, 
area under cultivation of sorghum is 11 2 million hactares and is cultivated both in kharrf and 
rabr seasons The major sorghum growing areas are distributed In Maharashtra, Kamatakq 
Andhra Pradesh, Uttar Pradesh, Gujarat, Tamilnadu and Rajasthan (Fig I) The production of 
sorghum In India in 1999 was 11 rmllion tomes, as against 8 52 mullion tonnes, in 1998 The 
est~mated productivity of sorghum in the year 1999 was 982 Kg ha.', as against 833 Kg ha.' in 
the year 1998 (FAO, 1999) Increase in sorghum production and productivity over years, IS 
malnly due to the cultivation of high yielding F1 hybrids 
Although the sorghum is hardy crop, it still suffers from various biotic and abiotic 
stresses Sorghum is susceptible to  many fungal, bacterial and vlral diseases at different stages 
of crop growth and development The major diseases which affect sorghum product~on are 
smuts (Sphacelorheca sorghr, S. crrrerr~a, S. rerlrmra and Tolyposporrrrm ehreirbergrr), rust 
(Prlccorra p r rp rea ) ,  downy mildew (Aror~osclerospora sorghr), leaf blight (F;xserohrhrm 
l~lrcrcrrm), anthracnose (Colle/o/r,chrm gramrracohrm), charcoal rot (Macraphomrr~a 
F~gure 1 Swghh g m n g  areas In lncha 
phareolrtro), gram mold (complex etiology), ergot or mgary disease (Sphaceha sorgh~) and stnpe 
disease (a tenui w u s  transnutted by Pengrrtnrs mard~s) 
Of these sorghum ergot IS a senous threat for the product~on of FI hybnd seeds, 
particularly d ' ~ c h g '  IS poor or seed set 1s delayed In male stenle llnes In Indla, In 
Maharashtra state, where pnmanly h)bnds are grown, and several seed compames are located, 
10-80 per cent losses In seed y~eld have been reported due to ergot (Sangtrao el a1 1997) In 
Ind~a, the dlsease is endenuc In Maharashtra (V~darbha and Ahmednagar reg~ons), Kamataka, 
Andhra Pradesh and Tanulnadu In d recent survey conducted by ICRlSAT In 1999-2000, the 
disease was found to occur In severe stage In major sorghum growing areas of Andhra Pradesh, 
Gujarat, Kamataka, Maharashtra, Rajasthan, Tamllnadu and Uttar Pradesh The epidemic 
outbreak of sorghum ergot has been observed consecut~vely for the last two years in few mandals 
of Mahabubnagar districts of Andhra Pradesh, In lnd~a In October 1999, towards the end of 
rainy season, the dlsease appeared in ep~dem~c forni In hlach~nen~pally village, and in 
September 2000 11 has spread to few more mandals showlng greatest seventy in Kalwakurthy 
mandal of Mahabubnagar d~stnct of Andhra Pradesh 
Sorghum ergot is a dlsease of ovary and ~t reduces gram yield because lnfected flowers 
do not produce grains Instead of normal poll~nation, fertll~zat~on and product~on of seeds, 
ovanes are colonized by fungal hyphae, that develop into spore beanng fungal masses 
(sphacelra), whch produce honeydew Later sphacel~a are converted ~ n t o  sclerot~a, when adverse 
environmental cond~t~ons prevall The dlsease poses threat not only to seed productlo& but also 
has health ~mpllcat~ons for I~vestock, due to potentla1 toxic~ty of the alkalo~ds produced In the 
sclerot~a 
Sorghum ergot was reported first in India in 1917 (McRae, 1917) and subsequently in 
Kenya in 1926 (Mason, 1926). Three different Clmiceps species have been reported to cause 
ergot disease in diierent parts of the world, bpi:., Clmiceps sorghi from India, Clm~iceps afriwnia 
from Zimbabwe and Clm*icicrps sorghicola from Japan. Recently Bogo and Mantle (1999) 
reported occurrence of C africana in India The imperfect stages of C sorghi and C, africwla 
are similar and are named as Sphacelia sorghr McRae. (Frederickson e/ ab, 1991) 
In India, the occurrence of both C, sorghi and C. afrrcaira have been reported. However, 
the distribution of these two ergot pathogens from different parts of sorghum growing areas is 
not known At the Lnternational crops Research Institute for the Semi-Arid Tropics (ICRISAT), 
a survey was being conducted to collect isolates of the sorghum ergot pathogen in different paris 
of India. Using these isolates, studies on diversity of sorghum ergot pathogen isolates, were 
carried out, with the following objectives: 
Objectives of investigation: 
1 To study the cultural characteristics and i i ~  ~ l r o  variations in sphacelia, conidia and sclerotia 
of different isolates. 
2 To determine the extent of secondary conidia production in different isolates under a range 
of relative humidity and temperature regimes. 
3. TO explore the extent of disease spread in different isolates. 
4 TO explore the host range ofdifferent sorghum ergot isolates. 

CHAPTER n 
REWEW OF LFI'ERATURE 
The literature on different aspects of sorghum ergot disease is briefly reviewed under the 
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2.1 Geographical distribution nod economic importance. 
Ergot is an important floral disease of sorghum It was first observed in India in 1915 in 
Madras state and was described by McRae (1917) In Africa, the disease was observed first in 
Kenya, in 1924 in Tanganyika by Mason (1926) In India the disease has been reported from the 
states such as Maharashtra (Ajrekar, 1926), Kamataka (Kulkami, 1942), Tamil Nadu (Nath and 
Padwick 1911, Thomas el a / ,  1945 and Ramakrishnan, 1947), Andhra Pradesh (Ramahishnan, 
1948, Sundaram, 1967,1969 and patil el u l ,  1968) and Delhi and Haryana (AICSLP 1969-70). 
Kulkami et a1 (1976) observed the perfect stage of Sphucelra sorglir and described it as 
Clavrcrps sorghr 
In Africa the widespread occurrence of ergot disease was reported in Tanzania (Wallace 
and Wallace, 1949) In 1953 ergot was reponed in South Africa (Doidge el a/., 1953), in Zambia 
in 1965 (Angus, 1965), in Botswana in 1974 (Molofe, 1975), and in Mozambique in 1984 
(Plumb-Dhindsa and Mondjane, 1984) In Japan, soryhum ergot was first observed in Kyushu 
District in southern Japan in 1985 (Shimanuki, Kimigahkuro and Tsukiboshi, 1988) In 1986, 
ergot disease occurrence was confirmed in Zimbabwe, Swaziland and other African countries (de 
Milliano rr a l ,  1991) All reports and samples from Africa represent the distinctive pathogen 
C'lm,~crps ufrrco?,o (Frederickson rt a / .  1991) 
In 1991, the ergot pathogen in Thailand was, contrary to expectations, identified as 
(-'I~lceps afrrcurru, not Clavrceps sorgtrr (Frederickson el ul , 1991), wheras Mantle and Hassan 
(1994) reported occurrence of Clm,rcrps sorglircolr parasitising sorghum in Japan. Reis rt 
01. (1996) reported widespread occurrence of sorghum ergot disease in Brazil in 1995. 
Subsequently Ryley el al. (1996) reported the occurrence of Clavrceps afncurra in Australia. 
Since then, the disease has been observed in rapid succession in South America, Central 
America, the Caribbem, and Nonh America The disease spread was rapid in Brazil, M e ~ c o ,  
the USA and Australia (Bandyopadhyay el a / .  1996) Isakeit et a1 (1998) reported the 
occurrence of ergot disease on ratoon sorghum tillers in a field just North of the Riogrande near 
Progresso, Texas In late march1997, ergot was observed on ratooned tillers in a sorghum field 
just Nonh of Rjo Grande near Progresso, Texas By October 1997, the disease has spread 
throughout Texas and was recorded in Georgia. Kansas and Nebraska (Isakeit et a t ,  1998) 
Tsukiboshi rt a1 (1999) reported the occurrence of distinctive ergot pathogen in Japan and 
described it as CImrcrps sorghrcola sp nov 
The occurrence of (I afrrccu~u In India, in addition to ('lu~*~ceps sor~lrr, which is 
apparently confined to Indian sub-continent (Frederickson et al , 1991) was proved by Bogo and 
Mantle (1999), by their alkaloid analyses of sclerotia of Indian isolates through gas 
chromatography-mass spectrometry Pazoutova el ul. (2000) confirmed the occurrence of 
C'lm~lcep~ ufrrcurra in Dhanvad (Karnataka), Patanchetu (Andhra Pradesh) and Akola 
(Maharashtra) of India, after confirming through random amplified polymorphic DNA (RAPD) 
banding pattern analyses, using the isolates collected from these regions Tooley el ul (2000) 
reconfirmed the presence of Clm,rcrps ujrrra~ru in India, by random amplified microsatellite 
(RAhl) and amplified fragment lengih polymorphism (AFLP) analyses, using sorghum ergot 
lsolates collected from Akola, Dhanvad, and Patanchetu, India 
In India, losses of 10-80 % have been reported in hybrid seed production fields 
Similarly, ergot epiphytotics in Zimbabwe result Ln regular annual losses of 12-25 % and 
ocwionally in total losses (Bandyopadhyay rt a l ,  1998) Substantial losses in seed quality occur 
when honeydew oozing from infected florets contaminates surrounding grains, which are then 
colonized by fungal saprophytes Such seed may have decreased germination and seedling 
emergence and may be predisposed to other diseases (McLaren, 1993). 
It was estimated that hngicidal control alone would cost approximately A$ 700 per 
hectare Cost related to seed processing would add another A$ 250 t .' of seed Adequate and 
reliable supply of good quality seed will probably be jeopardized Ergot will cost the seed 
Industry, AS 4 million annually, and an additional A$ 20 will be required to produce each 25 kg 
of seed (Bandyopadhyay rr a / ,  1998) 
2.2 Symptomstology 
The characteristic symptoms of the disease have been adequately described by several 
workers (Sundaram, 1968, hlolefe, 1975, Bandyopadhyay, 1992, Bandyopadhayay el 01, 1996, 
Bandyopadhayay r/  a / ,  1998) The pathogen only attacks unfertilized ovaries Few or all 
flowers in an inflorescence may be infected The most obvious external sign of the disease is the 
exudation from the infected flowers, of honeydew, a thin-to-viscous, saeet sticky fluid that gives 
the name 'sugary' or 'honeydew' disease to the malady 
The ovary is infected much before the initiation of honeydew exudation Infact, the 
earliest symptoms of infection can be seen on the ovary if flowers are dissected 3-4 days aAer 
infection The infected ovary appears dull green and smaller (C1micrp.s .surgh/ ) or larger 
(C/m?ceps c f i ~ c a ~ ~ a  ) than the healthy, fertilized ovary which is dark green and round 
(Bandy~padhya~ er a / ,  1996) 
Superficial, mycelial gowth initially appears at the basal end of the ovary and extends 
upwards as the pathogen colonizes ovary tissues both internally and externally Finally, the 
complete ovary is converted into a white fungal mass or sphacelium that is risible between the 
glumes Then, honeydew exudtion begins (Bandyopadhyay el a/., 1996). 
Naturally infected sorghum plants produce honeydew secretion that is light broan, but 
when artificially inoculated, the secretion is pinlush (Molefe, 1975). 
Newly formed honeydew droplets are colourless and transparent and become 
progressively opaque. With t i e  honeydew may become uniformly yellow-brown to pink, or 
superticially nhite Continued production of honeydew causes droplets t o  lengthen, smearing 
seeds and leaves, and falling to the ground below the panicle. When relative humidity is high 
honeydew droplets develop white covering as secondary conidia are produced. When infection is 
severe, affected panicles can be reco-pized from a distance They may be white with Fresh 
honeydew, or black if the honeydew is saproph).tically colonized by ('rrehrlla sp Under warm 
dry conditions, sphacelia gadually harden to form solid dense sclerotia But in moist conditions, 
the sphacelia shrivel and become fibrous, and fail to develop into sclerotia (Bandyopadhyay 
1992, Bandyopadhyay el o l ,  1996 and 1998) 
2.3 The pathogens 
Cunenr evidence suggests that sorghum is uniquely host to three different ergot 
pathogens, ~i2, Clmrcrps sorghi B.G.P. Kulkami, Seshadri & Hegde (Kulkarni el a/., 1976), 
Clm'fcrps afrrcarra Frederickson, hlantle & de hlilliano (Frederickson e/  a / ,  1991) and 
Clm?ceps sorgh~colo Tsukib , Shiman & T Uematsu sp. nov. (Tsuk~boshi el a/., 1999) The 
anamorphs of Clar.rcrps afrrcar~a and Clm~ceps sorghr are more similar and are named as 
Sphacelia sorghr McRae (McRae, 191 7) 
2.3.1 Cultural charac ten  
The growth of the ergot lingus, Sphacelia sorghi on Kirchotfs medium is white in 
colour with plenty of aerial hyphae But the rate of growth is very slow compared to that of 
ergot of rye. The growth found to be slower at 26-28°C than at 20-23" (Rarnakrishnan, 1948). 
Chinnadurai (1972) confirmed the essentiality of micronutrient manganese for mycelial 
growth and iron for sporulation of S. sorghi, on Kirchoff s media. According to him the trace 
elements required for the growth and sporulation of the fungus are not the same and the effect of 
trace elements were more pronounced on the sporulation compared to the mycelial growth 
The effect of molybdenum was confirmed to be highly inhibitory to the ergot fungus as 
11s absence in the Kirchoffs medium gave maximum growth and sporulation (Brain and 
Hemming, 1950, Hawker, 1957, and Chimadurai, 1972) 
Nagarajan and Saraswathi (1975) reponed the production of honeydew secretions by the 
culture in the Petriplates as well as in the test tube slants after 15 days of culturing and reported 
the change in the colour of the honeydew in the medium, from colourless at initial stage to 
palebrown or pinkish at later stages According to them the honeydew secretions are less sticky 
contamed numerous conidia which geminated in 4-6 h in water, producing germtubes from both 
ends The honeydew secretions obtained in the culture proved to be infective on sorghum male 
sterile line (CK 60 A) 
Nagarajan and Saraswathi (1975) found sparse and delayed g r o w h  and sporulation of the  
sorghum ergot hngus  when sterile sclerotial bits were inoculated on Kirchoffs medium 
Attempts were made to maximize the growth and sporulation of the fungus in the medium, with 
certain modifications. 
Addition of sucrose at I50 g f ' ,  potassium nitrate at 1 5 g I" yeast extract at 10 g 1.' 
tocopherol acetate at 5 ml I" to Kirchoff s medium and adjusting the pH to 7 0, resulted in 
hxuriant growth and heavy sporulation afler 12 days of culturing, as compared to sparse growth 
and low sporulation after 28 days in the original Kirchoff s medium (Nagarajan and Saraswathi, 
1975) 
Bogo and Mantle (1999) reported compact, shi te  growth of Clmrceps aafrlcatra which 
failed to produce spores on asparagines-sucrose-ralts agar medium 
Tsukiboshi ef a1 (1999) described the culture of Um?crps sorgl~trola as white to cream 
coloured on PDA medium, velvety colourless, with a hyphal gowth  of lmm day'' at 25'C 
According to them, the optimum temperature for hyphal growth IS 25" and some hyphal growth 
occurs even at IOT  and 35'C. 
2.3.2 Anamorph 
The anamorph of the three specles of ('lm~crps that infect sorghum in different areas is 
Spltacrlra sorghr McRae (Bandyopadhyay er 111. 1998) The pathogen produces three types of 
s~ngle celled, hyaline spores, oblong to oval macroconidla (Tarr, 1962 and Kulkarn~ ef a l ,  1976), 
spherical microco~dia (Mantle, 1968) and pear shaped secondary conidia (Frederickson rf  a / ,  
1989) 
(a) Sphacelia 
Germinat~ng spores produce hlphae that invade the ovary and replace it with a white 
hngal mass or sphacelium. Sphacelia are white rounded to egg shaped structure in the sorghum 
florets (Frederickson ef a1 1991) 
The sphacelia of Clmviceps sorghi are cylindrical, C U N ~  or strainght, bilaterally grooved, 
visible 1-2 days aRer honeydew exudation begins At maturity, the protruding sphacelial ponion 
of the parasitic biomass discoloured (Sangitrao and Bade, 1979b and Frederickson el 01. 1991). 
Frederickson el a1 (1991) described sphacelia of Clmfcep.~ ufrrcaffa as bulky, soft, white, 
highly convoluted, oval to spherical fungal structure protruding between the glumes, measuring 
5-8 mm long bearing macroconidia in discrete pockets 
The slower rate of colonization of ovary by the fungi at lower temperature was reported 
by Bandyopadhyay er a1 (1996) According to him the sphacelia appeared at the basal end of 
the ovary 5 days after inoculation (DAI) at ?KC, 6 DAI at 20" and 8 DAI at 15". 
Development of sphacelia delayed at loiter temperatures 
(b) Macroconidia 
Macroconidia of Clm~crp .~  sorghr are elliptic or ovate with smoothened ends, and &ith 
dist~nct vacuoles measuring 15 * 7pm in dimension (Sundaram, 1970) 
The original discription of Kulkarni el ul (1976) describes macroconidia as 8-19 4- 
6pm Bandyopadhyay el 01. (1990) described macroconidia of Cla~lcrps sorg/fi as hyaline. 
unicellular, elliptical to oblong with round ends and measured 5 1-7 7 7 7-23 0 pm (mean of 
100 macroconidia. 7 3 13 2pm) in green house at a day and night temperature of 28123°C with 
90% RH for 16 hand a 5 1-7 7 x 6 1-17.9 vm (mean of 100 conidia 6 9 x 10 91m) at a day and 
night temperature of 38128°C with 90% RH for 12 h, whereas, Frederickson el a1 (1991) gave 
measurements of macroconidia of Clm~iceps orgh~ as 8-19 x 4-6 pm. 
Frederickson el a/ .  (1991) described macroconidia of Clwiceps africo~ra as hyaline, 
mononucleate, oblong to oval measuring 9-17 x 5-8 pm, slightly constricted at the centre with 
two polar vacuoles 
The alteration in the macro conidial sue  and shpae of Sphocelra sorghr, when passed on 
to different hosts, was reported by several workers (Ramakrishnan, 1948, Chinnadurai and 
Gonndaswamy, 1971 and Sangitrao and Moghe. 1995) 
Sangitrao (1982) reponed that the conidia of Sphacrlra sorghr remained viable on the 
heads for one year uhen maintained at room temperature (max 29°C and min I P C )  When 
smeared on the seed surface I-?% conidia ~erminated for upto 48 h, and lost viability 
completely in 72 h Conidia developed on moditied Kirchoff's medium showed 80-100?4 
germination 
Manzarpour (1985) found that most conidia germinated to form microconidia at 24-30°C. 
whereas. at higher temperatures they germinated by forming hyphal germ tubes 
Frederickson (1990) observed that macroconidia of Clu\,rceps ~orglir required 16 h to 
yermtnate r r r  1.11ro at all temperatures, conidia germinated from 14°C to 37"C, optimally at 35'C 
Germination percentage did not vary s~gificantly over 18-30°C range, but was always iterative. 
whereas in ('lm~rceps afrlcarr~ macroconidia began to germinate aAer 12 h at 14-35°C The 
optlmum temperature was 1YC and comdla failed to germinate at 37°C 
Sangitrao and Moghe (1995) revealed that in the honeydew of D~carr/hrum carrcosrim, 
infected with Sphaceha sorgls, macroconidia were found to be triangular in shape 
At 35'C, the germination of Clavrceps sorghr was in the form of two, sometimes three 
germ tubes Macroconidia were able to geminate, even with 34% wlv sucrose in the med~a, 
whereas the macroconidia of Clavrceps afncarra were unable to germinate once the sucrose 
content of the medium reached 10% wlv (Bandyopadhyay er (11, 1996) 
Germination of macroconidia of Cloviceps sorghi was studied on water agar with or 
without amendment of suspension of stigmatic macerate at 15'C, ?PC,  2S°C, 30°C and 3S°C 
Macroconidia germinated in two modes, iteratively from lateral sides by producing thin, slender. 
sporogenous germ tubes terminating in secondary conidia, and non-iteratively by producing thick 
germtubes, from both ends. hfarroconidia almost always germinated non-iteratively in 
association with stigmatic macerate, and iteratively in the absence of stigmatic macerate 
(Bandyopadhyay r/ a / ,  1996) \+'hereas, the germination of macroconidia of C'lat'icef)~ afr~ca~ra 
was always iterative, i e , producing a secondary conidium (Bandyopadhyay el a / ,  1996) 
Tsukiboshi rl a1 (1999) described macroconidia of Clm~rel) .~ sorglocola as small, 
hyaline, ellipsoidal to oval measuring 5-1 l 3 2 5-3 8 pm 
(c) Microconidia 
The honeydew of sorghum ergot infected by Spliaacrl~a ~org111 contains hyaline, round to 
obovate microconidia, and their number increases as the honeydew ayes 
Kulkarm el a1 (1976) in his original description of ('lav~crp.~ sorglrr, described the 
microconidia as spherical in shape measuring 2 5 pm in diameter Frederickson rt (11 (1991) 
described microconidia of Clrn,~cprs uJr~c,ura as hyaline, spherical measuring 2-3 pm in 
diameter Frederickson and Mantle (1988) noted microconidia of Clm~ccps urglii germinating 
by one to several germ tube(s) w~thin 16 h at 12-28'C Bandyopadhyay e/ (11. (1990) observed 
germination of microconidia after 24 h at 14-24'C, following inoculation onto the stigma 
Bandyopadhyay el a1 (1990) described microconidia of Splracel~a sorghr as hyaline, 
spherical to obovate measuring 2 6 5  1 * 2 6-6 7pm (mean of 100 microconidia. 3 x 4 pm). A 
dense matrix of microconidia is found in a white, fragile crust around the developing sclerotia in 
h e  sorghum genot)Qe Tsukiboshi el a1 (1999) reported no production of microconidia by 
Chlceps sorghrcola. 
(d) Secondary conidia 
Bandyopadhyay r i  a1 (1990) described secondary conidia of Sphacrlra sorgln as hyaliie, 
pynform measuring 12-7 7 7 7-20 5 pm 
The erect germtubes of conidiophores pierced through the hyphal mat and their proximate 
ends expanded into a bulb, which differentiated into secondary conidia The cyToplasm of the 
macroconidia passed through conidiophores into secondary conidia during their formation A 
mature secondary conidium was readily detached From the conidiophore by a constriction 
mechanism at its proximal end, uhich lei? a scar that distinguished it from a macroconidium 
(Bandyopadhyay eta / ,  1990) 
Germ tube formation occurs as early as 6 h after the honeydew exudation from the stronia 
and the secondary conidia were formed aithin next 16 h (Bandyopadhyay er 111, 1990) 
Frederickson rr (11 (1991) described secondary conidia of ('luvrceps aJrrctr~ru as pear 
shaped borne on sterigma-like processes are 8-14 x 4-6 S pm with a distinct, protruding hilum 
Under natural conditions, secondary conidiation is a common feature of ('lavrceps 
afrlcu~la and is occasionally observed in ('lmrcrps .rurpk but has never been seen naturally on 
honeydew of the  Japanese species (Bandyopadhyay rr a / ,  1998) 
Tsukiboshi el al. (1999) reported the absence of secondary conidiation in the honeydew 
of Clavrceps ~orghrcola. 
2.3.3 Teleomorph 
(a) Sclerotia 
Production of sclerotia by Sphacelra sorgl~r was reported by Ajrekar (1926) which were 
overgrown Hith Cerebella .y, and yeast do not germinate 
Ramakrishnan (1948) measured the sclerotia of Sphhaceha sorghr to be 10-25 x 4-6 mm 
in dimension According to him obviously a cooler climate is necessary for sclerotial productioq 
as he observed occurrence of the sclrrotia at hgher latitudes 
Ramakrishnan (1948) observed the absence of ergotox~ne in the sclerotia and reported the 
non toxlc~ty of sorQhum ergot sclerotia to cattle which are allowed to eat ergotized ears of 
sorghum 
Four or five weeks penod after inoculation are requlred for sclerotia to develop to 
matunty Sorghum florets that become infected at the end of the wet season and developed In 
the dry season produced sclerotia free from hngal parasites and the sclerotial development IS 
very poor dunng the wet season owing to the heavy growth of hngal parasites in the honeydew 
(Futrell and Webster, 1966) 
Sundaram (1968) ment~oned In his report the occurrence of sclerotial bodies from many 
places In India, I ~ I : ,  Indore (Madhya Pradesh), Hyderabad (Andhra Pradesh), Coimbatore (then 
Madras state) and Jalna (Maharashtra state) According to h m  the sclerot~a of $hacrlra ~orglrr 
are soft, tender, light grey In colour, long, up to 3 cm but are sparsely formed 
Kulkami el a1 (1976) and Alderman rt a1 (1999) described the sclerotia of Clmrceps 
sorghr as long, cylindrical, curved or  straight in shape, soft or hard in texture, grey or light brown 
in wlour and measuring 3-14 x 1-2 5 mm in size with two longitudinal grooves 
According to Sangitrao and Bade (1979a) sclerotial formation takes place in about 1 to 2 
months aRer the honeydew stage and the maximum sclerotial formation occurs in male sterile 
line Birds attacking grains do not disturb sclerotia, the sclerotial tapering end (part outside the 
&me) undergo weathering during rains and become papery and fall down (Sangitrao and Bade, 
1979a) 
The fungal parasites such as Ff~sarf~tm rno11111/orme, I.: rosrum /rp. crrmlrs, (i.rrbella 
sp and Cladospor~rtm sp were found on the honeydew and on the surface of the sclerotia 
Sanytrao and Bade (1979a) r e p o n d  that sclerotial formation does not take place when 
honeydew is washed by rains Sclerotial production is also arrested by the fungus Cerebella sp 
which colonizes the sugary stage of the pathogen espsially in kl~arfseason 
Sanyitrao and Bade (1979b) and Frederickson et a1 (1991) observed the discoloration of 
protmdiny sphacelial portion of the parasitic biomass at its maturity stage whilst the proximal 
part, largely with in the glumes, contains the true sclerotium, composed of compact, white 
plectenchymatous tissue under a thin, red brown cortex 
Bandyopadhyay rt a1 (1990) showed that temperature and relative humidity affected 
honeydew formation and spore production, but not stromata development According to him 
tempeiature from 1&28T combined with RH above 90% for 12-16 Wday are highly conducive 
to conid~al production and hence pathogen spread, but not for differentiation of stomata into 
sclerotia In contrast, at 28-35°C and RH below 90% for 22 hlday stromata developed into 
sclerotia, but honeydew and spore production were suppressed 
Frederickson el a1 (1991) descnbed sclerotia of Clm~ceps afrfcar~a s oval or spherical, 
hard, red brown, with few grooved fissures, measuring 4-6 x 2-3 mm Bandyopadhyay el a1 
(1998) in his report differentiated the sclerotia of Clavrceps africa~ra, Clmiceps sorghr and 
Cbrceps  sorghrcolo The sclerotia of Clavrceps a f r r c m ~  are spherical, and largely confined 
with in the host glurnes, whereas sclerotia of Clmceps sorghr are t h h  elongate, and protruding 
and sclerotia of the Clavrcrps sorghrcola are conical, elongate and purple black The alkaloid 
dihydroergosine is synthesiued in the sclerotia of Clavicrps afrcw~a and Clm~rceps sorghrcola 
may contan small amounts of the alkalold polyclavine, but the sclerotia of ('lavrccps rorghr do 
not synthesize alkaloids 
Accord~ng to Alderman (1999), sclerot~a of Clavrcrps afrrcrnia are not separate structure 
from sphacelia but are so closely physically associated that i t  is better to regard them only as 
d~fferent tissues Sclerotial tissue form, ins~de and to the base of sphacelial tissues, under dry 
cond~tion Bogo and Mantle (1999) reported the production of rouyhly spherical sclerotia by 
lnd~an ~solates whch were typ~cal of ('lav~ceps ufircuriu 
Tsuklbosh~ e/ a 1  (1999) descnbed the sclerotia of ('lmzrcrps .~org/~rcola as cylindrical to 
conical, stra~yht or curved 2 5--20 mm lony 1 9-3 5 mm wide, the true sclerotia purplish black, 
hav~ng longtudinal yooves on the surface, covered with white spherical tissues The hard 
texture, size and colour of scleorita different from sclerotia of ~ I u v ~ c ~ ~ p s  sorgle and ('1u1,rceps 
nfricu~ra 
(b) Stroma, asci and ascospore 
Kulkarni rr a1 (1976) descnbed the teleomorphic staye of Cluvrcrps s o r ~ / ~ r  They 
observed 2-3 stromata, stipe, and capltula of unspecified sizes Penthec~a, 132 8-232 4 66 4- 
124 5 mm Asci (56-1 12 2 4 -3 2 pm ), cyl~ndrical wth tapering ends and a hyaline apical cap, 
8 ascospores, filiform and measuring 40-85 x 0 4-0 8 pm in size 
The description of the teleomorphic stage provided by Sangitrao (1982) was almost 
similar to that of Kulkarni el a1 (1976) except for few minor details Frederickson eta1 (1991) 
deJaibed the stipes ofC. sorghi measuring 6-8 0.5 mm burnished-bronze or deep terracona in 
colour. The capitula 0 7 mm diameter, buff coloured but with darker, papillate perithecia 
ostioles, the stipe insenion point is surrounded by a white frill Perithecia measure 13&250 * 
60-125 pm The white Grills were not described by Kulkami rl a1 (1976) and Sangitrao (1982) 
Frederickson (1990) and Frederickson el ol (1991) described the stromatal origins of 
Clm~ceps afiafr~ra as pale, globose stroma arising from sclerotia, fully extended stipes (8-15 x 
0 3-0 6 mm) are pigmented purple, adjacent to the capitulum Capitula (0 5-1 3 mm) are sub- 
globose, and intensely purle Perithecia are 86135  * 123-226 pm, mature asci or srtrr, 140 x 
3 2 4  2 pm, 8 ascospores measuring up to 45 0 8-1 ? pm 
According to Tsukiboshi el a1 (1999) 1 3  stromata arise from one or two portions of the 
sclerot~al surface of Clm?ceps sorpilfcol~~ Stipes 3 5-17 mm long, brown to bronze, capitula 
globose to subglobose, 0 5-1 6 mm diameter, dark brown, distinctly papillate Perithecia ovate to 
pyrifom, 215-300 pm long, 105-110 prn wide. embedded in the surface of capitula, ostioles 
evidently erumpent Asci cylindr~cal, hyaline, 122-215 pm long and 2 5-3 8 pm wide with 
thickened apical cap Ascospores filiform hyallne eight per ascus, measuriny 92-205 pm long 
and 0 5-1 pm wide 
2.4 Patl~ogenicity 
2.4.l.Inoculation methods 
The ~noculation methods used by various workers for inducing the disease on sorglrum 
heads are reviewed hereunder 
Ramakrishnan (1948) used a suspension of the spores (macroconidia and microconidi) 
from the cultures for inoculation of young flower of sorghum and the suspension was sprayed, by 
an atomizer at the time of flower opening Subsequently, several workers have used the spore 
rnpmsion obtained by sosking the infected panicle in sterile water to release ergot conidia from 
the honeydew The spore suspension of lo6 conidia ml'l was spray inoculated until mn off, to 
the panicles when stigmas of the top 25% spikelets emerged (Puranik and mathre,l971, 
Frederickson e l  a/., 1989 and 1993, Thakur el a1 , 1989, Bandyopadhyay el u l ,  1990, Tegegne el 
u l ,  1994 and Tsukhiboshi e l  01, 1999) 
Futrell and Webster (1966). 3lusab)imana r r  a1 (1995) and Pazoutova el a1 (2000) 
followed dip inoculation method by immersing the unpollinated panicles in conidial suspension 
and bagging to induce infection on fresh stigmas 
Atrificial inoculation on grass hosts and other graminaceous hosts was made by spray 
~noculation (Chinnadurai and Govindaswamy, 1971) as well as dip inoculation (Futrell and 
Webster, 1966) 
Futrell and \\'ebster (1966) made inoculation on maize with conidial suspension of 
.S/)/~uceliu sorg111 by injecting a water suspension of conidia in to ear shoots with a hypodermic 
needle, seven days aRer the silk emerged and was maintained by bagging the inoculated 
inflorescence with a plastic bag 
Tegegne el  ol (1994) reported that ergot severity of non tnmmed and trimmed panicles 
was s~nilar, and one inoculation produced as much ergot as two inoculations. Bagged panicles 
had significantly more infected spikelets than non bagged panicles 
According to Tegegne er 01. (1994) a single inoculation when anthesis began at the tip of 
the panicle followed by bagying, was most appropriate inoculation technique with respect to 
convenience, biological significance and statistical inference. 
Bandyopadhyay el a1 (1991) obtained a high degree of 52-95% infection of spikelets 
upon inoculation on I 4  days before pollination and only 4-10% infection of spikelets when 
inoculated 1 4  days aRer polhation Bogo and Mantle (1999) used suspension of hyphal bits for 
inoculation of florets of a male-sterile sorghum to induce the disease 
2.4.2. Isolation methods 
The hngus causing ergot disease in sorghum was isolated and grown on various culture 
media such as Kirchoffs medium (Ramakrishnan, 1948; Chi~adurai ,  1972, Nagarajan and 
Saraswathi, 1975) T2 agar medium (Spalla, 1973 and Pazoutova rr ul., 2000) and PDA medium 
(Tsukiboshi rr a l ,  1999 and Pazoutova el a1 , 2000) 
Spalla (1973), Nagarajan and Saraswathi (1975), Tsukiboshi el al. (1999) and Pazoutova 
cr ul (2000) used young sphacelia (five days old) for isolaLion of ergot pathogen which were 
surface sterilized for 15 min in 1 3% sodium hypochlorite, washed for 1 or 2 min in 95% Et OH, 
and rinsed for three times in dist~iled water and were placed on T I  agar medium in plates, 
supplemented with 100 pg ml-' of ampicillin (Spalla, 1973) 
Chinnadurai (1972) and Tsukiboshi rr nl (1999) obtained the isolates from honeydew by 
d~lut~ng to appropriate 10' spores ml" with sterile distilled water, and spread on the surface of 
water agar incubated in the dark at 25°C. The germinated spores were transferred to Kirchoffs 
medium (Chi~adurai ,  1972) or PDA acidified to pH 4 5 with lactic acid (Tsukiboshi rr u l ,  
1999), using a stenle glass needle 
Pazoutova er 01. (2000) confumed that passage of the ergot pathogen through the plant 
ensured a higher success rate for obtaining pure culture than isolation from the tield collected 
samples that were often heavily contaminated with saprophytes 
2.5 Facton influencing secondary canidistion 
Microcycle or secondary CO~dia t i~n  in a sorghum ergot pathogen was &st recognized in 
the br vitro germination of auxenically produced conidia of an Indian isolate of Claviceps sorghi. 
At moderate temperature (24-30°C) most of the macroconidia germinated in this way whereas at 
3 P C  spores germinated by forming a hyphal germ tube ( M q o u r ,  1985). 
Rain appears to provide the high humidity which is conducive for sffandry conidid 
productioq and is evidenced by the appearance of classic symptom of whitened honeydew the 
day after rain (Frederickson r t  al., 1989) 
Frederickson (1990) reported the extension of s t e r i p a  like process bearing secondary 
conidium with increasing temperature to a maimurn of five times the conidial length at 3VC 
A diurnal panern of secondary c o ~ d i a  concentration was reported by several workers 
with greatest occurrence at nightfall coinc~ding with the sharp rise in RH and fall in temperature 
(Frederickson el a t ,  1989, 1991, and 1993, Bandyopadhyay el a l ,  1990) 
Bandyopadhyay et a1 (1990) reported the rrr srvo production of secondary conidia in 
Indian Clmiceps sorglli in controlled environment cabinets and in glasshouse experiments 
According to them, the production of honeydew and formation of secondary conidia were most 
profuse at a day and night temperature of 28123'C. followed by 24114°C and least at 35128°C 
According to Bandyopadhyay er a/ .  (1991) secondary conidia are produced on the soil 
surface if honeydew drips and falls on to wet soil. Such secondary conidia were able to infect 
plants in the field, soilborne secondary conidia may also have implication as a source of primary 
inoculum for disease initiation in the field. 
Macroconidia inside the thick honeydew do not usually germinate because of the high 
osmotic potential caused by the high sugar concentration in the honeydew matrix. However, 
being hygroscopic, the surface of the honeydew might absorb water t o m  the atmosphere This 
would lower its osmotic potential and make the honeydew 'thin' As a result, under humid 
conditions, manoconidia on the honeydew surface germinate (Bandyopadhyay el a / ,  1996) 
Bandyopadhyay el a/ (1996) reported a temperature of 20+ 2°C as most favorable 
temperature for secondary conidia production and it does not occur when there were several hot, 
dry days in succession 
Iterative germination of macroconidin does not occur on stigma and when in contact with 
stigmatic macerate agar, 96100% macroconidia germinated non iteratively, at 15-3WC, but 
only 30% at 35°C afler 48 h Germ tubes were 10 times sn~aller at 15°C than at 20°C On water 
agar, iterative germination was 47% at IS0C, 94% at 20°C, 6% at 25'C and 3% at 30°C and no 
germination was observed at 35" (Bandyopadhyay el a / ,  1996) 
2.6 Epidemiology 
Although the dtsease is both so11 borne and airborne, the airborne secondary conidia plays 
sign~ficant role in causlng outbreaks Atmospheric temperature and relative humidity levels were 
reported to play a significant role in the occurrence of the disease 
Kulkarni (1942) reported most severe ergot infections within the range of 21-31°C when 
humidity was high and most damage occurred in those fields which flowered during cooler 
periods According to Quinby (1958) cloudiness during anthesis aids in disease development 
probably due to delayed anther dehiscence, pollen deposition and activity under these condition 
FutreU and Webster (1965) stated that when flowers of wheat , oats or barly open during 
a period of cold weather (35 to 40PF) the pollen becomes nonfunctional and sterile Ergot 
idection often occurs under these conditions and critical period for infection of sorghum by the 
ergot pathogen is eom flower opening and on set of anthesis to fertilition 
Futrell and Webaer (1966) attriiuted incidence of honeydew to high RH as being 
favourable for infection of this disease and near lW/o RH for 24 h during the anthesis of a male 
sterile line was optimal for infection. They also reported that no secondary spread of the ergot 
disease was observed during the dry season of very low humidity. 
Futrell and Webster (1966) found that period of 12 and 36 h also favored infection, but 
no disease development on flowers held at higher humidity for 9 days (216 hrs). 
Dogget (1970) emphasized hot, wet weather as favourable environment whereas 
Sundaram (1971) attributed cool (1%I0C), wet, cloudy weather during the period of crop 
development favours rapid spread of disease 
Several workers have shown that early sowing avoids ergot infection (Singh, 1963; 
Sangitrao e l  a / ,  1979; Anahosur and Patil, 1982). Desai e l  a/. (1979) and Sangitrao eta / .  (1979) 
proposed the most suitable seeding date for escape t o m  sugary infection was around July 20 
They related sowing dates of sorghum in India to ergot severity in male-sterile sorghum line CK 
60A Early sowing before 20 July, which resulted in tlowering during the warm part of the 
season promoted disease escape. M a h u m  disease was recorded in those plots sown after the 
end of July 
Molefe (1975) attributed the cause of epiphytotic occurrence of sorghum ergot in 
Botswana was due to the heavy rain fall of over 750 mm during growing season and the dew 
which persisted for several days following the rain, though the RH was not very high at that 
period. 
Molefe (1975) from Botswana reported occurrence of ergot in sorghum panicles that 
flowered when humidity was high and at minimum and maximum temperature of 14°C and 
2PC, respectively. According to Sangitrao and Bade (1979) a minimum temperature of 13- 
1g.PC and relative humidity of 7 6 8 4  per cent are most favorable for disease development. 
Anahosur and Patii (1982) reported that the sorghum male sterile lines vir., 21994  CK- 
6 0 4  2077A and 2%A suffer seriously accounting to loss in grain yield. According to them a 
minimum temperature from 18.9eC-20.PC and RH from 67-84 per cent during anthesis 
favoured the development of ergot in these lines. Whereas Sangitrao and Bade (1979a) felt that 
when humidity is high (>90 per cent), rainfall is not essential for ergot development 
In India, weather conditions in 38" to 4" meteorological weeks were favourable for 80- 
100 per cent of disease incidence, and 35-70 per cent disease severity. Sclerotial formation was 
directly proportional to the severity of the sphacelial stage. Cool temperature, high humidities, 
rain splashes, and constantly changing wind direction are congenial for the spread of the disease 
(Sangitrao. 1982). 
Frederickson er a/. (1989) measured the secondary conidia concentration using Burkard 
spore trap and reponed a concentration of less than 101 m' at the initial period of secondary 
conidiation and a greater concentration of 200 im' at conducive environmental condition of high 
RH followir~g a rainy day, low temperature and at nightfall. 
McLaren and Wehner (1990) determined that the optimum temperature for ergot disease 
development was 19 ST and the upper maximum l i t  was at 2X0C, above which disease 
severity was negligible. McLaren and Wehner (1992) also suggested that the severity of ergo 
infection, under a given set of climatic conditions during early anthesis, is dependent on the 
degree of predisposition of sorghum florets to infection, and identified pre-flowering cold stress 
(average minimum temperature <12"C) 23-27 days before tlowering (coinciding With the 
leptotene phase of male meiosis) as a critical period affecting pollen viabiity and hence 
predisposition to infection. 
Frederickson el a/. (1993) found that ergot severities were significantly higher at 2U'C 
and 25°C than at 30°C. At 3U'C ergot severities of 0.9 per cent were recorded, as opposed to 28 
per cent at 20aC and 14 per cent at 2S0C. Similarly, the latent period for infection was 
significantly shorter at lower temperature. 
Frederickson el a/. (1993) demonstrated how rapid epidemic development of Claviceps 
africm~a can result from secondary sporulation of the pathogen. They considered secondary 
conidia to  be the primary epidemiological agent within their experimental area. 
Frederickson el a[. (1989 and 1993) reported a diurnal pattern of secondary conidia 
concentration, with the greatest occurrence at nightfall, coinciding with the sharp rise in RH and 
fall in temperature 
Frederickson er a/ (1994) reported that chemically induced male sterility may aid and 
explore the gynoecial susceptibility in sorghum which naturally escaped ergot when in their 
native latitude or when induced to flower in more convenient experimental environments 
McLaren (1996) used the maximum daily temperature of 28" (temperature above which 
disease incidence is minimum) and minimum temperature of 12°C (temperature below which 
total sterility/maximum predisposition occurs) to identify high and low-risk flowering periods, 
based on long and medium-term weather data for various production areas in South Africa. 
2.7 Disease spread 
Several workers have depicted and later confirmed diierent agents for disease spread of 
sorghum ergot pathogen. Wdd grasses and wild sorghum genotypes were found to be a source 
of inoculum for sorghum ergot and it was considered as an important factor in determining the 
spread ofthe disease (Tarr, 1962; Futrell and Webster, 1966; Boon-long, 1992). 
Several workers have assumed wind driven rain splash to be an important agent in the 
spread of the disease, which dissolves the honeydew thus transmitting the conidia from diseased 
to fresh healthy panicle. (Tarr, 1962; Futrell and Webster, 1966; Mantle, 1968; Bandyopadhyay, 
1991). 
The role of insects on the dispersal of conidia was taken into consideration, as the prime 
factor in disease spread by several workers (Futrell and Webster, 1966; Sundaram, 1968; Mantle, 
1968) According to Sundaram (1968) a number of insects, especially honeybees, flies and 
certain wasps are attracted by the honeydew which contains large number of fungal spores 
mixed with the sugary syrup. They act as the voluntary carrier of the disease to other healthy 
ears in the same field as well as in the neighbouring areas. The groups of insects that normally 
vis~t flowering panicles and panicles with developing grains are different (Bandyopadhyay rr a/., 
1991) 
Bandyopadhyay el a1 (1992) showed that insects such as thrips, Orirts q s ,  beetles, 
midges, head bugs and hymenopterous insects visit infected panicles, during when ergot conidia 
become attached to their bodies and are transmitted. But they failed to transmit the disease when 
released in cages containing susceptible panicles suggesting that insects do not play any role in 
the spread of the disease. 
Spread of sphacelial conidia by head to head contact was assumed to be a probable means 
of disease spread by Tarr (1962) and Mantle (1968). Whereas, Sangitrao and Bade (1979a) 
reported the role of seclerotia on the perpetuation and spread of the disease and according to 
them, the removal of sclerotia from sorghum grain will help in checking the firther spread. 
Sundaram (1976) and Mantle (1968) depicted the role of airborne transmission of 
ascospore as a noval factor for the spread and development of ergot disease of sorghum. 
LuttreU (1981) observed honeydew in the field with a sparse white layer of phialides 
projecting above the drops and beariog siigle conidia. Thus he assumed the possibility of the 
airborne secondary conidia, to be the causal agent of infection, but only as a subsidiary means of 
dissemination. 
Frederickson er al. (1989 and 1993) confirmed the wind dissemination of secondary 
conidfa as the most significant mode of dispersal for both the local and long distance spread of 
the sorghum ergot pathogen. 
Bandyopadhyay el a/. (1991) showed that secondary conidia are produced on the soil 
surface if honeydew drips and falls on to wet soil. Such secondary conidia were able to infect 
plants in the field. Soil borne secondary conidia may also have implication as a source of 
primary inoculum for disease initiation in the field 
2.8 Host range 
Several workers have examined the host range of Sphacelra sorglii. Tarr (1962) 
suggested that wild grasses may be a source of primary inoculum of ergot of sorghum Futrell 
and Webster (1966) reported infection of Zea ma)T and guinea grass (Parlict~m mmimlrm) 
following artificial inoculation with Claviceps afrrccula. According to them Peto~isetum 
Pphoides is a non-host for Sphacelia sorghi. Reddy el a/. (1968) reported the abiiity of sorghum 
ergot pathogen to infect Pem~rselrtm f)phoides. Chinnadurai and Govindaswamy (1971) reported 
infection of maize, Chettchnts cilrmis and C. setigenrs and Sorghum caffrorum following 
artificial inoculation with Sphacelia sorghi. Sundaram (1970) observed the natural occurrence of 
Sphacelio sorghi on pearl millet and upon cross inoculation studies confirmed the infection of 
pearl millet by Sphacelia sorghi. Loveless (1971) conhned sudan grass to be the host for 
Sphacelia sorghi. Molefe (1975) con6rmed the ability of Sphacelia sorghi to infect Pewtiselum 
ophoides and Pmtinrm mmimum. 
The comprehensive List of Bandyopadhyay (1992) indicates that collateral hosts of 
Claviceps sorghi, include Cherrchnts selrgerorrs, lschoemum prlostim, Pe~urisetum orre~rtak, S. 
mrr~~dirlocatm, 3. cnffronrm, S. haleperrre, S. membrwloceum, 3. rriterrr, S. ~~erticilliforum, and 
Zea mays Boon-Long (1992) reported infection of sorghum in Thailand with conidia 'om 
Pattiaim mmrimum, Dicmrthi~rm mtrnrlalirm, Brachiaria mrrtrca, Sorghum strdatte~rsis, S. almum. 
and S. haleperrre. Sangitrao and Moghe (1995) reported natural occurrence of Sphacelia sorghr 
McRae on Drunrthi~rm cmicosttm, D. montlattrm, Ischaemtrm pilostrm, and Sehima rrervosmn. 
Alderman (1999) reported infection of Sorghrm tralepe~rse and Persrrsetum gla~rnrm following 
artificial inoculation with Clm8iceps oficmta under green house condition, but reported the non- 
occurrence of the disease under field conditions 

CEAPTER IIl 
MATERIALS AND METHODS 
The present investigation was carried out at the International Crops Research Institute for 
Semi Arid Tropics (ICRISAT), Patanchew, H~derabad 502 324, Andhra Pradesh, India. 
The general laboratory techniques followed for the present study were, those described 
by Rawlins (1933), Aneja (1993) and Dhingra and Sinclair (1993) for preparation of media., 
steriliition, isolation and maintenance of fungal cultures with slight modifications wherever 
necessary. 
3.1 Sterilization 
Liquid and semi-solid materials, such as media and distilled water were sterilized in an 
autoclave at 121 6°C and 15 PSI for 20 minutes Glassware and other equipments were sterilized 
in hot air oven at 170" C for 1 h after wrappiny in an aluminium foil. Sodium hypochlorite 
WaOCI, 1%) was used for surface sterilization of sphacelia, whereas rectified spirit was used 
for sterilization of inoculation-needles, foreceps, inoculation chamber and hands etc 
3.2 hledium used 
T1 agar medium was used in the present investigation. 
3.2.1 Compositioo of the medium 
Sucrose I00 g 
L-Asparasine 10 g 
Yeast extract 0.1 g 
KHap01 0.25 g 
@SO4 7HaO 0.25 g 
F~SOI .~HIO 0 02 g 
ZnS04 7H2O 0 015 g 
KC1 0 12g 
Ca(NO3h 4HzO l 00 g 
Agar 20 9 
Distilled water 1000 ml 
pH 5 2 
3.2.2 Preparation of medium 
T2 agar medium was prepared by melting 20 g of agar in 500 ml of distilled water for 
about 3 to 4 minutes in a microwave oven (high power selection) The other components of the 
medium were added in another 500 ml of water and dissolved them by heating in a microwave 
oven (high power selection) for about 3 minutes Both the preparations were mixed thoroughly 
and sterilized in an autoclave at 15 PSI (121 6'C) for 20 minutes At the time of pouring into the 
Petri plates, medium was supplemented with I00 pg ml" of ampicillin 
3.3 Plant Material 
An ergot susceptible sorghum male sterile line 296A was used throughout this 
investigation The plants were g o ~ n  in 25 cm diameter plastic pots containing black soil, 
farmyard manure and sand in the ratio of 2 1 1 
3.4 Source of Seed 
The seeds of sorghum male sterile line 2964 were obtained from Sorghum Breeding 
Unit, ICRlSAT 
3.5 Collection of ergot isolates 
Isolates of sorghum ergot pathogen were collected during surveys conducted by 
ICIUSAT, National Research Center for Sorghum (NRCS) and State Agricultural Universities 
from different major sorghum growing areas of Andhra Pradesh, Kamataka, Maharashtra, Uttar 
Pradesh, Gujarat, Tamil Nadu and Rajadhan during the year 1999-2000. The number of isolates 
collected and places of survey are given in Table I & Fig. 2. A total of 89 sorghum ergot 
isolates were collected From 59 locations in seven states in India. These isolates were used to 
study the cultural characteristics. 
3.6 Identification of tbe pathogen 
To identify the pathogen associated with the disease in collected sorghum earhead 
samples, the honeydew from the infected panicle was placed on a clean glass slide in a drop of 
sterile distilled water and observed under the stereobinocular microscope for the presence of 
macroco~dia and microco~dia Measurements of conidia of the fungus were taken with the 
help of ocular micrometer after cahbration of the microscope. The fungus associated with the 
disease was identified based on descriptions as given by Frederickson et a1 (1991) 
Photomicrographs of the pathogen were taken using stereobinocular microscope and phase 
contrast microscope to describe spore morphology 
3.7 Maintenance of ergot isolates 
The collected earhead samples were dried in shade thoroughly along with the paper bags 
and stored in a cloth bag in dry condition. Su5cient attention was given to maintain the genetic 
purity of the isolates throughout the study 
Table I. Details of sorphurn ergot isolates mlleded from different states of India. I 
oNa k=a+c-l l~irmd Istlt~lculttv~ Icq+ I IIK-W~ r v * m  
B a r  PM 1-2 10-15 
W6?D IARS.BIJ~~ Bidu Kar S M W 1  PM 1 2 10-15 
1 ~ 4 6 1 ~  I A R S . B ~ ,  BW Kar osvz PM 1 2 ocl-15 
~ 6 l d  IARS-0ar Bidu Kdr SHD9W PM 1102 10-15 
AP : Andhra Pradesh Kar : Karnataka MH : Maharashtra 
UP : M a r  Fradesh Raj : Rajasthan TN :Tarnil nadu 
Guj : Gujarat PM : Physiolog~cal matuMy HD : Hard dough stage 
FL : Flowering stage SD : Son dough stage NR : Not recorded 
. Surveyed locations 
--- 
Figure 2. Areas surveyed for the collection of sorghum ergot isdates in 1999-2000 
3.8 Pathogenicity test 
Pathogenicity tests were carried out using susceptible sorghum male sterile line 296A 
Panicles were covered with paper bags, as and when these emerged from boot leaves Bagging 
was carried out to avoid external inoculum from infecting the panicles Plants were spray 
inoculated with the desired isolate   hen the plants were in flowering stage with spikelets having 
6esh stigmas 
(a) Preparation ofinoculum 
For each isolate, one rachis, branch containing infected flower showing typical symptom 
of ergot was taken 6om panicle collected from survey, and immersed in sterile distilled water for 
about one minute, to dissolve the honeydew completely 'lie suspension was filtered through 
two layers of cheese cloth to get the conidid suspension without plant debris The resultant 
conidial suspension was diluted to get a spore load of I 10 conidia ml '' 
(b) Inoculation of plants 
The conidial suspension (1 10 mnidia ml") was spray inoculated (Plate 1) on 
sorghum male sterile line (296A) until runoff using a hand sprayer, when the stigmas of the top 
50% spikelets emerged until runoff using a hand sprayer The inoculated panicles were covered 
with paper bags (Plate 2) to maintain high relative humidity (RH) ~nside and to avoid external 
contamination 
(c) Incubation 
Inoculated plants were kept in dew chambers (Plate 3) at 25'C and 100% RH for 24 h, to 
effect the infection process Later the plants were transferred to greenhouse and kept for 
incubation at 25'C and more than 80% RH, with bags enclosiig the panicles, as they were 
Observations on honeydew formation were recorded as soon as the d~sease developed The 
honeydew was further tested for the presence of macrow~dia  and rnicroconidia and 
measurements of wnidia were taken as described in Section 3.6 of Materials and Methods. 
(d) Isolation of Pathogen 
The infected spikelets t o m  the panicles of inoculated sorghum male sterile line 296A 
plants were dissected to obtain young sphacelia five days after inoculation in a laminar air flow 
chamber. It was ensured that the sphacelia did not exude honeydew before dissection. The 
young sphacelia were surface sterilized usiig 1% sodium hypochlorite solution for 3 minutes, 
rinsed 5 times in distilled sterile water, and transferred to Petri plates containing TI agar medium 
The plates were sealed using a strip of p a r a h  sheet and incubated upside down for a period of 
7 days and then incubated in its original position for hrther growth at 25 * 1" C in an incubator 
The culture thus obtained on TI agar medium was used to study the cultural characteristics of 
each isolate. The ergot isolates were maintained on T2 agar medium at 4°C and subcultured 
every 3 months 
All the isolates were maintained on sorghum male sterile line 296A by periodic 
inoculation of conidial suspention (1 x 10 conidia ml") prepared from honeydew collected 
from the infected sorghum panicla Inoculated plants were kept in gowth chambers at 35*I0C 
and 40% RH for 30 days (Plate 4), to prevent secondary conidia formation and contamination 
among the isolates The plants were shifted to greenhouse when the consistency of the 
honeydew increased. To prevent the contamination of the inoculated plants by ants, antpans 
were kept at the bonom of the table. The inoculated plants were also sprayed with the insecticide 
monncrotophos (1 6 ml I") at seven days interval to control other insect pests 
3.9 Cultural chamcteristics of isolates 
Observation on the diameter of the colony growth of different isolates was measured and 
recorded at 7-day interval on T2 agar medium. For each isolate, the maximum colony growth, 
colour of the culture, colony type, puckering nature, pigmentation and sporulation on the 
medium were observed and recorded. Puckering nature of the ~ l o n y  of each isolate was 
recorded by usiig an arbitrary scale representing low, medium and high degree of puckering. 
Pigmentation was recorded using Munsell's colour chart for each isolate (APPENDIX 1). 
3.10 Grouping of isolates and selection of representative isolates 
The ergot isolates were grouped based on the cultural characteristics, taking into 
consideration of colony type and spo~lat ion on medium. AAer grouping the isolates, 
representative isolates were selected 6om each group from different geographical locations The 
representative isolates were used for funher studies pertaining to rrl wvo variation in morphology 
of sphacelia, conidia and sclerotia, secondary conidia production, extent of disease spread, and 
host range. 
3.11 In vila variation of sphacelia, conidia, and sclerotia 
To study i11 rivo variation in morphology of sphacelia, conidia and scleroti4 conidia of 
the representative isolates (obtained from infected plants) were spray inoculated on sorghum 
male sterile line 296A as given in Section 3 8 (a), (b) & (c) of Materials and Methods. The 
sphacelia and honeydew obtained from these inoculated plants were used to study the variation. 
3.11.1 Sphacelial morphology 
To study the sphacelial morphology, mature sphacelia were carefully dissected out from 
the infected spiielets, without damaging them, seven days after inoculation. Observations on 
colour, shape and size (length and breadth) of sphacelia were taken and recorded. 
3.11.2 Conidial morphology 
(a) Macroconidia 
Seven days afler inoculatioq the bags covering the inoculated panicles were 
briefly opened and observed for honeydew secretion. Two-day old honeydew from 
different isolates was collected in vials and maintailled individually to maintain genetic 
purity. Temporary aqueous mounts of wnidial suspension were prepared after diluting the 
honeydew with sterile distilled water and observed under the stereobinocular compound 
microscope. Observations on shape, siie, guttulation and constriction at the center were 
recorded. 
(b) Microconidia 
To study the morphology of microconidia 30 day-old honeydew (when it almost dry) was 
collected and aqueous mounts of conidial suspension were prepared by dissolving the honeydew 
in sterile distilled water and observed under stereobinocular microscope Observations on shape, 
size of microconidia were taken and recorded 
3.11.3 Sclerotial morphology 
To study the morphology of ergot sclerotia, the sclerotia collected during the survey of 
sorghum growing areas were used. The study was made using the sclerotia with or without 
sphacelial cap. The sclerotia without sphacelial cap was obtained by immersiig the sphacelial 
portion of the sclerotia into warm water and tearing out the sphacelial tissues from their tips 
using a foreceps, 6om their tips without causiig damage to the sclerotial tissues. Observations 
on the size (length and breadth), shape and colour of the sclerotia were made and recorded. 
3.12 Secondary conidia production 
3.12.1 Effect of temperature 
To  determine the effezt of temperature on secondary conidia production, ergot infected 
panicles from sorghum male sterile line 296A with 2-day old honeydew were taken. From each 
of the infected panicle, rachis with atleast six infected spikelets, were cut carefully without 
allowing the honeydew to drop. The base of the cut rachis was inserted into a 100 ml conical 
flask containing 2% sucrose solution covered with parafilm at the neck (Plate 5) For each 
isolates two such rachis were inserted per conical flask The flasks were incubated for 18 h in 
dew chambers at temperatures of 10, 15, 20, 25, 30 and 35°C keeping the RH constant at loo%, 
for secondary conidia production (Plate 5) 
M e r  incubation at different temperature regimes the rachis were taken out and four 
infected spikelets with honeydew were cut carefully and dispersed in 1 ml of sterile water to 
form a uniform suspension of germinated macroconidia From the suspension, samples were 
drawn and observed under stereobinocular compound microscope for germinated macroconidia 
Macroconidia that produced a gemtube with a pointed tip was cons~dered as those germinated, 
to produce secondary conidia The number of such germinated macroconidia was counted in 
1000 macroconidia observed randomly The experiment was repeated thrice with three 
replications each The observations were recorded replication-wise for each temperature regime 
separately 
3.12.2 Effect o f  relative humidity 
To test the effect of relative humidity on secondary conidiation, ergot-infected panicles 
from sorghum male sterile line 296A with 2-day old honeydew were taken. From each of the 
infected panicle, rachis with atleast six infected spikelets were cut carefully without allowing the 
honeydew to drop The base of the cut rachis was inserted into small vial containing 2% sucrose 
solution sealed with parafilm. For each isolate three such rachis were inserted in each vial 
These vials were incubated for 18 h at 80, 85, 90, 95, and 100% RH levels, keeping the 
temperature constant at 25°C for secondary conidia production (Plate 6-8) 
After incubation at different RH regimes, the rachis were taken out and four infectd 
spikelets with honeydw were cut carefully and dispersed in I ml of sterile water to form a 
uniform suspension of germinated macroconidia From the suspension, samples were drawn and 
observed under stereobinocular compound microscope for germinated macroconidia The 
number of germinated macroconidia was counted in 1000 macroconidia observed randomly 
The experiment was repeated thrice with three replications each The observations were 
recorded replication-wise for each RH repime separately 
3.11 Panern and spread of the disease 
To study the role of secondary conidia in the aerial spread of the disease an experiment 
was conducted using two distinct ergot isolates PI:, NI2 from Group-I and NAP7 from Group-I1 
in growth chamber with three replications The source plants (sorghum male sterile line 296A) 
raised in plastic pots were spray inoculated with conidial suspension (I x lo6 conidia ml") of the 
two test ergot isolates separately at 50% flowering stage and incubated at 25C and at 80 per cent 
relative humidity in greenhouse Inoculations were made one week before the commencement of 
the experiment The ergot inoculated plants were used as foci of infection (source of secondary 
conidia) in the experiment 
The test plants (sorghum male sterile line 296A) were raised in 10" plastic pots in 
greenhouse and the panicles were covered with paper bags immediately after emergence to avoid 
external contanination. The central foci of infection (source of secondary conidia) consisted of 
two artificially inoculated plants of highly susceptible sorghum male sterile l i e  296A showing 
the typical symptom (honeydew secretion) of the disease. Twenty two test plants were kept 
around the source plants after removing the paper bags covering the panicles (Plate 9) The 
plants were incubated at 25°C and at 97-100 per cent relative humidity to  encourage secondary 
conidia production on the infected source plants and for infection of the test plants Both the 
test and source plants were exposed to 12 h light (6 a.m. to 6 p m.) and 12 h dark (6 p.m. to 6 
a.m.) for 10 days for complete appearance ofthe symptoms on the test plants Care was taken to 
keep the growth chambers free of insects, to avoid spread of the disease by the insects. 
Observations on number of infected plants and number of infected sp'kelets were recorded for 
both the isolates separately as soon as the disease developed on test plants 
3.12 Host range 
Investigations on host range of sorghum ergot pathogen was carried out with selected 
wild sorghum genotypes and other suspected host plants from graminaceous family The list of 
host plants used for the study are given in the Table 2. The grass hosts were obtained from Dr. 
V. Bala Bhanu Murthy, Associate Professor (Agronomy), EMP Scheme, Rajendranagar, 
Hyderabad and were propagated through stumps in 25 cm diameter plastic pots containing black 
soil. The seeds of wild sorghum genotpes, pearl millet and maize cultivars (843A and Ashwini, 
respectively) were obtained Fiom the Genetic Resources Unit, ICRISAT and were grown in 25 
cm plastic pots filled with black soil, whereas, Pe~~rtiselum glatinrm was gown in pots 
containing red soil. The panicles of grass hosts, sorghum wild genotypes and pearl millet 
cultivar and the cobs of maize were bagged upon emergence !?om boot leaves to avoid external 
Wntamination. 
Table 2. List of graminaceous hosts used in the present investigation. 
sI. No. Name of the host Common Name 
Sorgtnrm anrrrdit2acevm (Desv.) Stapf 
S. haleperwe (L.) Pers. 
S. versicolor (Steud.) Stapf 
S. virgatrrm (Hack.) Stapf 
Pers~iselvm glmrcrrm (L.) R. Br. 
Pentliserrrm pedicellafrrm Trin. 
Zea mays L 
Pmrinrm mmim~rm J a q .  
Pmiicum mmimrm l a q .  
Pmiinrm m~tidolale Retz 
Brachimia m ~ t i c a  (Forsk) Stapf 
Brachiaria denrmbetrs (Forsk) Stapf. 
Cenchnrs cilraris Linn. 
Cerichnrs setigerrrs Vahl. 
Atldropogotr gayatnrs Kunth 
Drchmrlhirrm mirirrlatrrm (Forsk.) Stapf. 
Chrysopogot~~~lws  (Spring.) Chiov 
Iseilema lmrm Hack. 
Bothriochlwpertrrsa (L.) A.  Camus 
Chlor~s gayatta Kunth 
Wild sorghum 
Wild sorghum 
Wild sorghum 
Wild sorghum 
Pearl Millet 
Deenanath grass 
Maize 
Guinea grass Fversdale) 
Giant guinea (variety) 
Blue panic 
Paragrass 
Signal grass 
Anjan grasfiuffel grass 
Yellow anjadirdwood grass 
Gamba grass 
Marvel grass 
Dharaf grass 
Musal g a s s  
Bothriochloa grass 
Rhodes grass 
The grass hosts were dip inoculated whereas hosts like wild sorghum genotypes and pearl 
millet cultivar were spray inoculated For dip inoculation the panicles of different host plants at 
optimum stage (when the stigmas emerge from the spikelets and before anthers shed pollen) 
were immersed in the conidid suspension (I x lo6 conidia d') for I minute and bagged to 
maintain high humidity For spray inoculation the panicles of pearl millet cultivar and wild 
sorghum genotypes were sprayed kith conidial suspension (1 x lo6 conidia mui) at 50% 
flowering stage and bagged immediately to maintain humidity In case of maize the cobs were 
dipped in ergot conidial suspension (I x lo6 conidia ml") for 2 minutes and bagged immediately 
to maintain high humidity 
The inoculated grass hosts and pearl millet plants were incubated at 2S°C and 100% RH 
for 24 h in a dew chamber (Plate 10) for symptom expression, whereas, the tall growing sorghum 
wild genotypes and maize were kept in a greenhouse at 25°C and 85% RH for symptom 
expression 
The inoculated panicles were observed for the disease symptoms and upon appearance of 
the symptoms, honeydew was collected from each of the infected host panicles and cross 
inoculated to sorghum male sterile line 296A at 50% flowering stage as mentioned in section 
2 S(b) of Materials and Methods and observed for symptom expression Honeydew from 
infected panicles of sorghum male sterile line 296 A was collected and inoculated again to the 
host plants under study The experiment was repeated three times Honeydew collected from 
the infected host plants was observed for the presence of macrownidia and microconidia 
Observations on the shape, size, and colour of the conidia were recorded 
3.13 Statistical analysis: 
The data obtained in dierent laboratory experiments (irr v im) were statistically analysed 
by using completely randomized design (CRD) with one factor or two factors. The data 
pertaining to percentages were angular uansformed and the values in numbers were square root 
transformed wherever necessary (Panse and Sukhatme, 1978). The analysis was done usiig 
computer package program GENST.4T (1986) version 5 (1994). 
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CEUF'TER IV 
RESULTS 
The results of the experiments conducted in the present investigation on cultural 
characteristics, b~ viw variation of sphacelia, conidia and sclerotia, effect of temperature and 
relative humidity on secondary c 0 ~ d i a  production, rate of disease spread, and host range, are 
presented hereunder. 
4.1 Collection of ergot isolates 
Eighty nine sorghum ergot isolates were collected from 59 locations distributed in seven 
states of India (Table I). Of the 89 isolates, 27 isolates were collected from 18 locations in six 
districts of Andhra Pradesh vt:., Adiiabad, Guntur, Mahabubnagar, Medak and Nalgonda and 
Rangareddy The sorghum cultivars which were predominantly grown In Andhra Pradesh in 
1999-2000 were CSH9 in Adiiabad district, Yellow jowar in Mahabubnagar, Medak and 
Nalgonda districts Whereas, local cult~rars were groan predominantly in Guntur and Nalgonda 
districts The incidence of sorghum ergot varied from 1-100 per cent and severity from 5 to 100 
per cent in Andhra Pradesh. Cent per cent incidence and severity was observed in 
Maachinenapally mandal of Mahabubnagar district in Andhra Pradesh, where the disease 
occurred in an epidemic form during 1999-2000 From the surveys conducted, 24 ergot isolates 
were collected From 19 locations distributed in 10 districts of Kamataka viz., Bangalore, Bellary, 
Bidar, Bijapur, Chitradurga, Dharwad, Gulbarga, Hassan, Mandya and Shimoga White Jowar, 
Yellow lowar, Green Jowar, MHSI and hybrid sorghum were found to be the predominantly 
grown cultivars in Karnataka The incidence of sorghum ergot ranged from 1 to 90 per cent and 
the severity ranged between 1 and 100 per cent. High incidence and severity (80-90% and 
I@%, respectively) of ergot occurred in Talaku mandal, Chitradurga district of Karnataka. 
Twelve isolates were collected from Maharasbtra from 9 locations distributed in six districts rli: , 
Akola, Nagpur, Nanded, Parbhani, Wardha and Yavatrnal. The disease incidence ranged 
between <I and 90%, and severity between 1 and 100% In Parbhanbi the percentage of 
incidence and severity was found to be higher (90% and loo%, respectively) followed by Mana 
mandal of Akola district. Five sorghum ergot isolates were collected from 4 locations distributed 
in four districts of Tamilnadu vir., Coimbatore, Dharmapuri, Erode and Namakkal In most of 
the locations local cultivars were grown. The percentage of incidence and percentage of severity 
ranged from <0.l to 50% and 10 to loo%, respectively Ln Coimbatore and Namakkal higher 
percentage of disease incidence and severity were recorded (1 5-50% and loo%, respectively). 
In Unar Pradesh, ten isolates were collected from 7 locations distributed in four districts r'r:., 
Jhansi, Moradabad, Nainital and Rampur. In most of the surveyed locations in Uttar Pradesh, 
local sorghum cultivars were gown Cent per cent disease incidence and severity was recorded 
in Moradabad district of Unar Pradesh 
4.2 Identification of the pathogen 
Microscopic examination of the honeydew collected from the infected sorghum earhead 
samples revealed the presence of macroconidia and microconidia The macroconidia were 
oblong to elliptical, hyaiine measuring 9-18 x 5.14-9 pm with mild constriction at the center. 
The microconidia were spherical, hyaline measuring 2.57-3 86 pm in diameter (Plate ) On the 
basis of conidid morphology and their size, the fungus was identified as Sphacelia sorghi 
McRae and the morphological characters tallied with the descriptions given by Frederickson el 
a/. (1991) 
4.3 Pathogenicity test 
The Koch's postulates were proved by spray inoculation with condial suspension (1 x lo6 
conidia ml") of the pathogen on susceptible sorghum male sterile line 296Aat 50% flowering 
stage as mentioned in section 3.8@) of materials and methods. Almost ninety to ninety-five per 
cent of the sp'ielets in an inflorescence were infected upon spray inoculation with conidial 
suspension (I x lo6 conidia ml"). The infected spikelets could be identified with flaccid stigma 
over the spikelets three days after inoculation. SLU Jays afier inoculation white, fungal mass or 
sphacelium emerged out of the spikelets between the ylumes (Plate 11) Honeydew exudation 
was observed seven days afier inoculation. Newly formed honeydew droplets were colourless 
and transparent with less consistency (Plate 12). When incubated at 90 to 100 per cent relative 
humidity secondary conidia production was observed on the surface of the honeydew as whitish 
layer (Plate 13). With time, the honeydew turned opaque and became uniformly yellowish brown 
to golden yellow in colour. Upon ageing the consistency of the honeydew increased (Plate 14) 
4.4 Isolation of the pathogen 
Isolation of the pathogen Sphacelia sorghi was made 60m the sphacclia taken from the 
infected spikelets of sorghum male sterile line 296A, in Tt agar medium. Growth of the hnyls  
when incubated at 25?I0C was observed 4-5 days aRer plating. The rate of growth of the 
culture was very slow in the medium. The maximum colony growth was obtained 25-30 days 
after plating. Thereafter the growth of the culture ceased. The culture was white, compact or 
conony, raised or submerged depending on the isolate. Secondary growth of the culture was 
observed from the base of the compact colony 40-45 days after plating. 
4.5 Maintenance of ergot samples and isolates 
The collected shade dried ergot samples could be stored in dry condition in cloth bags at 
room temperature and the pathogen was viable in these samples throughout the study (more than 
8 months). The culture of the pathogen could be maintained on TI agar medium by subculturing 
once in three months and storing at 4'C. The culture could be easily revived on TI agar medium 
whenever required 
4.6 Cultural Characteristics 
Studies on cultural characteristics of 89 ergot isolates grown on TI agar medium were 
made by recording the rate of colony growth, maximum radial growh, colony type, puckering 
nature and spomlation on the medium. The isolates differed distinctly in rate of colony growh, 
maximum radial growth, colony type, puckering nature and spomlation on the medium 
4.6.1 Rate of colony growth 
It is evident from the data presented (Table 3) that all the isolates under study differed 
significantly in the rate of colony growth which ranged between 0 03 and 0 12 mm day" 
Highest rate of colony growth (0 12 mm day") was observed with sorghum ergot isolates NAP7, 
NAP13, and MH74 closely followed by isolates NAP4 and NAP5 The rate of colony growth 
was least (0 03 mm day") in SK-20-24 and Nl13 isolates All other isolates showed a slower 
growth rate ranging between 0 0 4 4  09 mm day" 
4.6.2 Maximum radial g r o ~ l h  
Sigmficant difference was observed with respect to maximum colony growth of the 
diierent sorghum ergot isolates 30 days after incubation on Tz agar medium (Table 3 ,  Plate 15a- 
15j). Diameter of the colony on the medium ranged between 1 12 and 3 52 cm The isolate 
Table 3. Cunural charadenstics of various sorghum ergot isolates on T, agar medium. 
45 ISK16 I 0.08 1 1.9 lCompadl White I M 12.5YR415 l Ahsent 
46 (SKI7 1 0 05 1 1.16 lCornpadl White ( L (2.5YRWB 1 Ahsent 

MH74 showed maximum growth (3 52 cm) followed by NAP7 (3 33 cm), NAP4 (3 27 cm) and 
NAPS (3.25 cm) isolates. The isolate SK-20-24 showed the least colony growth (I. 12 cm). 
4.6.3 Colony type 
Variation was observed with respect to colony type among the sorghum ergot isolates 
studied (Table 3) The fungus growth on the TI agar medium was cottony, velvetty and 
submerged with d f i s e d  m a r e  (Plate 15a-15h) in ergot isolates NAP4, NAPS, NAP7, NAP13, 
and MH74 whereas it was compact, fleshy, raised with distinct margin in all other ergot isolates 
(Plate 15i & 15j) 
4.6.4 Colour 
There was no variation with respect to colour of the culture of different sorghum ergot 
isolates The colour of the colony of all the isolates was white on T2 agar medium 
4.6.5 Puckering nature 
The isolates differed distinctly with respect to puckering nature of the colony Of the 89 
isolates studied, only five ergot isolates I,/:, NAP4, NAPS, NAP7, NAP13, and MH74 showed 
no puckering (Plate 15i & ISj), whereas all other isolates showed low, medium and high degree 
of puckering (Table 3, Plate 15a-15h) Of these 47 isolates showed low degree of puckering, 27 
isolates showed med~um degree of puckering and 10 ~solates showed high degree of puckering 
(Table 3) 
4.6.6 Pigmentation on medium 
Dierent  sorghum ergot isolates produced pigmentation on medium ranging from dusky 
red to light red with a hue, value, chroma reading of 2 5YR 313 to 2 5YR 616, in Munsell's 
colour chat .  There was no significant difference in pigmentation behaviour of the isolates 
(Table 3). 
4.6.7 Spomlation 
Sporulation was observed in cultures of NAP 4, NAP 5, NAP 7, NAP 13 and MH 74 
isolates after 20-25 days of incubation on Tt agar medium. All other isolates under study did not 
sporulate on the medium even after incubation at 25'C for 30 days. Sporulation was observed at 
the center of the colony (Plate 15i & 15j) as minute droplets of honeydew secretions containing 
both macroco~dia  and mic row~d ia .  The secretions were, pale brown in colow and were very 
thick in consistency 
4.7 Grouping of isolates and selection of representative isolates 
Grouping of ergot isolates was made on the basis of colony type and sporulation on Tt 
agar medium Two distinct groups were made with one, having compact, raised colony with 
distinct margin, with no sporulation on the medium, and another having cottony or velvety, 
submerged colony with diffused margin and spomlation on the medium Of the 89 isolates, 84 
isolates were placed in Group-I and 5 isolates were placed in Group-11 based on cultural 
characteristics The isolates belonging to Group-I are distributed in 57 locations falling under 
seven states of Ind~a, \pi:, Uttar Pradesh, Rajasthan, Gujarat, Maharashtra, Andhra Pradesh, 
Kamataka and Tamilnadu, whereas, the isolates of Group-I1 are distributed in five different 
locations of two states vr: Andhra Pradesh and Maharashtra (Tables 4 & 5) In Andhra Pradesh 
out of 27 ergot isolates collected, 23 isolates belong to Group-I, whereas, four isolates (NAP4, 
NAPS, NAP7 and NAP13) belong to Group-11, representing Adilabad district In Maharashlra 
state out of 12 ergot isolates wlleaed, 11 isolates belong to Group-I and only one isolate 
(MH74) belongs to Group-I1 Of the 84 isolates eight isolates were selected from Group-I, 
representing diierent geographical locations in Uttar Pradesh, Rajasthan, Gujarat, Maharashtra, 
Kamataka, Tamil Nadu and Andhra Pradesh. Of the five isolates in Group-11, two isolates were 


Table 5. Details of sorghum ergot isolates placed in Group-11 
SI.No. ID.No. Location District State 
1 NAP4 Adigama Adiabad Andhra Pradesh 
2 NAP5 Dongregaw Adilabad Andhra Pradesh 
3 NAP7 Sitagondi Adiabad Andhra Pradesh 
4 NAP13 Burkapalle Adilabad Andhra Pradesh 
5 MH74 Bori Yavatmal Maharashtra 
Table 6. Details of representative sorghum ergot isolates used in the investigation 
SI No. Isolates location District State 
Group-l 
1 N12 Mouranipur Jhansi Uttar Pradesh 
2 N15 Pantnagar Nainilal Uttar Pradesh 
3 NI 12 RCA2 Udaipur Rajasthan 
4 Guj6 Surat Surat Gujarat 
5 MH 71 Chembeli Nagpur Maharashtra 
6 SK-20-24 Talaku Chitradurga Karnataka 
7 AP 17 Maachinenapally Mahbubnagar Andhra Pradesh 
8 TN 13 TNAU millet scheme Coirnbatore Tamil Nadu 
Group-ll 
9 NAP 7 Sitagond~ Adilabad Andhra Pradesh 
10 MH 74 Bori Yavalmal Maharashtra 
selected representlug dtferent geographcal locabons m Andhra Pradesh and Maharashtra 
D e d s  of the representatwe Isolates and the locahons are furrushed m the Table 6 
4.8 In vivo variation ofsphacelia, conidia and sclerotia 
4.8.1 Sphacelial morphology 
Two days aRer moculat~on, the st~gmas of the mfected sp~kelets present In the inoculated 
pmcles became flacc~d upon lnfechon by the pathogen The fungus mycellurn colomzed the 
Inner portlon of the ovary and on tturd day, the ovary got sweller and became pale green (Plate 
1%) Four days after moculatlon, the appearance of the whtlsh mycel~um at the basal end of the 
ovary not~ced (Plate 16c) The mycehum grew on the outer surface of the ovary from the base 
towards the top On fifth day three fourth of the outer surface was covered by the mycel~um 
(Plate 166) SLX days after ~noculat~on the entue ovary was covered on ~ t s  outer surface w t h  the 
mycel~al mat (Plate 16e) The sphacel~um emerged out of the sp~kelets through glumes, seven 
days after moculat~on (Plate 160 ~n Group-I ~solates, whereas 11 was l~ght days In Group11 
~solates 
The perusal of the data presented m Table 7 ~nd~cates that there was s~gn~ficant d~fference 
m sue  of the sphacel~a of ten representatwe ~solates of Sphacelra rorghr (Plate 17 & 18) The 
length of sphaceha of the ~solates vaned from 2 92 mm to 4 72 mm and the w~dth vaned from1 9 
mm to 3 06 mm The sphacel~a of the ~solates (NAP7 and MM 74) belong~ng to Group11 
measured 4 72 x 3 06 mm and 4 38 x 2 94 mm respect~vely and d~ffered s~gmficantly from all 
other ~solates belongng to Group-] The sue  of the ~solates belongng to Group-1 ranged from 
2 92 and 3 8 mm m length and 1 9 and 2 26 mm m breadth (Table 7) Among the Group1 
~solates, length of sphaceha of the  sola ate N12 was the least (2 92 mm) whde breadth of the 
sphaceba was the least m  sola ate SK-20-24 (1 hnm) The sphacel~a of ~solates belonpng to 
Table 7. Morphological characteristics of sphacelia of 
representative sorghum ergot isolates 
Isolate Length' Breadth* Shape Colour 
(mm) (rnrn) 
Group-l 
N12 2.92g 1.95ie Elliptical White 
to conical 
N15 3.02'~ 1.94' Elliptical White 
N112 3.1 4e' 2" Elli~tical White 
GUJ6 3 . 3 ~ ~  2.26' Spherical White 
to elli~tical 
MH71 3.24" 1.94' Conical White 
AP17 3.6" 2.08~ Elliptical to White 
spherical 
SK-20-24 3.16~' 1.9' Ellipt~cal White 
TN13 3.1 6@' 1.92' Elliptical White 
Group-ll 
NAP7 4.72' 3.06' Oblong to White 
elliotical 
MH74 4 . 3 ~ ~  2 . ~ ~  Oblong to White 
elliptical 
SEmt 0.06 0.042 
1.s.d. 0.17 0.118 
(5% level) 
CV% 8.7 9.7 
Mean of 25 sphacelia 
In a column means followed by a common leHer(s) are not significantly 
different at 5% level. 
Group1 W, NIS NI12 GUJ 6,  MH 71, AP 17, SK-20-24, TN13) were elliptical or conical to 
spherical in shape, whereas, the shape of sphacelia of the isolates NAP 7 and MH 74 belonging 
to Group11 was oblong to elliptical (Plate 17 & 18). There was no distinct variation among the 
isolates with respect to colour of the sphacelia as the colour of the sphaceila of all the isolates 
was white 
4.8.2 Conidial morphology 
4.8.2.1 Macroconidis 
Significant variation was recorded ~ i t h  respect to shape and size of the macroconidia 
(Plate 19) of different representative isolates belonging to two different groups (Table 8). The 
length of the conidia of the diierent isolates varied from 9-18 pm and breadth from 5 14-9 pm 
The length of macroconidia of isolates NAP7 and MH74 of Group-ll was ranged from 9-18 pm 
and breadth from 5 14-7.71 pm gibing a typical cylindrical conidia (Plate 22) as against more 
oblong conidia in case of isolates belonging to Group-] (Plate 21), which measured 6 43-9 pm in 
breadth. The colourof the conidia of all the isolates was hyaline and showed a mild constriction 
at the center with two vacuoles (guttulations) one at each end 
4.8.2.2 Microconidia 
There was no significant difference in the diameter of microco~dia of sorghum eryot 
isolates belong to two distinct groups (Table 9) The diameter of the microconidia of different 
isolates ranged from 2.57-3 86 pm The diameter of microco~dia of the isolate N12 was 2.78 
pm while the diameter of microconidia of the isolates GUJ6, MH71, and AP17 showed a 
diameter of 2 57 pm Microconidia were hyaline and spherical in shape irrespective of the 
isolates. The microconidia were observed on aged honeydew obtained from the infected panicles 
Table 8. Morphological characteristics of macroconidia of representative 
sorghum ergot isolates. 
Isolate Length (yrn)' Breadth bin)' Shape Colour 
Range Mean Range Mean 
Group-l 
N12 12.85-18.00 15.14' 7.71-9.00 7 . 9 ~ ~  Oblong to Hyaline 
ellipsoidal 
N15 12.85-18.00 15.39' 6.43-9.00 7.68' Oblong to Hyaline 
ell~psoidal 
N112 12.85-18.00 14.67' 6.43-9.00 8.3a Oblong to Hyaline 
ellipsoidal 
GUJ6 10.28-18.00 12 .9~  6.43-9.00 7.6@ Oblong to Hyaline 
ellipsoidal 
MH71 10.28-18.00 13 54b 6.43-9.00 7.76' Oblong to Hyaline 
ell~psoidal 
AP17 10.28-18.00 13 . l l b  6.43-9.00 7 48C Oblong to Hyaline 
ell~psoidal 
SK-20-24 12.85-18 00 15.21' 6.43-9.00 8.02~ Oblong to Hyaline 
ell~psoidal 
TN13 10.28-15.42 14.37'~ 6.43-9.00 7.58' Oblong to Hyaline 
ellipsoidal 
Group-ll 
NAP7 9.00-18.00 13.43~ 5.14-7.71 5.94' Cylindrical Hyaline 
to ell~psoidal 
MH74 9.00-18.00 13.06~ 5.14-7.71 6 . ~ 5 ~  Cyl~ndrical Hyaline 
to ellipsoidal 
SEm+ 0.321 0.093 
1.s.d. 0.892 0.261 
(5% level) 
CV% 16.1 8 9 
Mean of 50 mauoconidia 
In a column means followed by a common letter(s) are not significantly different at .  
5% level. 
Table 9. Morphological characteristics of miuoconidia of representative 
sorghum ergot isolates 
lsolate Diameter urn) Shape Colour 
Range Mean' 
Group-l 
N12 2.57-3.86 2 78' Spherical Hyallne 
N15 2.57-3.86 2.67M Spherical Hyaline 
NH2 2.57-3.86 2 72ab Spherical Hyaline 
GUJ6 2.57 2.57d Spherical Hyaline 
MH71 2.57 2.57d Spherical Hyaline 
AP17 2.57 2.57d Spherical Hyaline 
SK-20-24 2.57-3.86 2.65M Spherical Hyaline 
TN13 2.57-3.86 2.6gSb Spherical Hyaline 
Group-ll 
NAP7 2.57-3.86 2.5gd Spherical Hyaline 
MH74 2.57-3.86 2.62M Spherical Hyaline 
SEm+ 0.042 
1.s.d. 
(5% level) 
* Mean of 50 miuoconidia 
In a column means followed by a common letter(s) are not significantly 
different at 5% level. 
4.8.3 Sderotial morphology 
None of the isolates under study produced sclerotia, even after incubating the inoculated 
plants at high temperature of 35°C and low RH of 4004 for two months, in the growth chambers. 
So, the sclerotia (Plate 23 & 21) ofthe isolates O.JAP4, NAPS, NAP7, NAPI?, NAP13, AKI and 
SK-20-24) obtained through the survey conducted by ICRISAT during 1999-2000, were used to 
study morphological characters of sclerotia, both with sphacelial cap and without sphacelial cap 
4.8.3.1 Sclerotial morphology (with sphacelial cap) 
The perusal of the data presented in Table 10 indicates that there was significant 
difference between the ergot isolates belong to two distinct groups with respect to the size of 
sclerotia with sphacelial cap The length of sclerotia of different isolates varied from 4 1-9 6 
mm The isolates belonging to Group-I1 viz., NAP4, NAPS, NAP7, and NAP13 showed 
maximum sclerotial length (Plate 27) ranging From 8 1&9 6 mm, whereas the isolates belonging 
to Group-I such as NAPI2, AK1 and SK-20-24 showed sclerotial length ranging from 4 . 1 4  42 
m q  which was lesser than the length of Group-I1 isolates (Plate 27) The maximum length (9 6 
mm) of the sclerotia was recorded with NAP13 isolate (Plate 26) collected from Sitagondi 
region in Adilabad district of Andhra Pradesh and minimum (4 1 mm) with SK-20-24 isolate 
(Plate 25) belonging to Group I collected From Talaku mandal in Chitradurga district of 
Karnataka. The breadth of the isolates, were ranging from 1-1.56 mm (Table 8). The shape of 
the sclerotia of the isolates belonging to Group11 was more cylindrical to conical whereas the 
shape of the sclerotia of the isolates belonging to Group-I was more conical to spherical Colour 
of the xlerotia of different isolates was light yellowish brown with a hue, value, chroma, reading 
of 2.5Y 615 in Mwell ' s  colour chan 
Table 10: Morphological characteristics of sclerotia ( with sphacelial cap) of 
sorghum ergot isolates 
Isolate Length Breadth (rnm)' Shape Colour 
(mm)" Bottom Middle Top 
Group-l 
NAP 12 4.42d 1.82~ 1.00~ 1.06' conical to light yellowish 
spherical brown 
AK 1 4.40~ 1 .40C 1.00~ 1 .06' conical to light yellowish 
spherical brown 
SK-20-24 4.10' 1,94'~ 1.00~ 1.06' spherical light yellowish 
to conical b r o w  
Group-ll 
NAP 4 9.40' 1.84~ 1.56' 1.10' cylindrical light yellowish 
to conical b r o w  
NAP 5 8.16' 1 .84~  1.06~ 1 Ea cylindrical l~ght yellowish 
to conical b r o w  
NAP 7 9.12~ 2.04' 1 . 3 8 ~  1.02' cylindrical light yellowish 
to con~cal b r o w  
NAP 13 9.60' 1 .82~ 1.34' 1 06' cylindrical light yellowish 
to conical b r o w  
SEM 0.232 0.525 0.37 0.033 
1.s.d. 0.21 0.147 0.1 0.092 
CV% 15.2 14.3 14.8 15.4 
' Mean of 25 sclerotia 
In a column means followed by same letter(s) are not significantly different 
at 5% level. 
4.8.3.2 Sclemtinl morphology (without sphcelial u p )  
Significant di£ferences were observed between the ergot isolates with regard to the size of 
xlerotia without sphacelial cap (Table 1 I & Plate 28) The size of the sclerotia after dissecting 
out of sphacelial portion ranged from 2.2-3 9 mm in length and 1.25-2.3 mm in breadth The 
length of the sclerotia ranged From 3.7-3 9 mm in respect of Group-I1 isolates which differed 
significantly with Group-[ isolates as the length of the sclerotia of these isolates ranged from 
2.2-2.3 rnm. The isolates differed significantly with respect to the breadth of the sclerotia. The 
shape of the sclerotia of isolates belonging to Group-11 was more oblong to cylindrical, whereas, 
it was conical to  spherical in Group-I isolates. The colour of the sclerotia of the Group-11 
isolates, after the removal of the sphacelial cap, was reddish brown vith a hue, value, chroma, 
reading of 5 YR 514 in Munsell's colour chart and the colour of the sclerotia of Group1 isolates 
NAP12, AKI and SK-20-24 was reddish brown with a hue, value, chroma, reading of 5YR 414 
which was still darker shade ofthe wlour, when compared to the former 
4.9 Secondary conidia production 
4.9.1 Effect of temperature 
The perusal of the Table 12 indicates that the secondary conidia (Plate 20) production 
varied significantly at different temperature regimes among d~fferent sorghum ergot isolates. A 
temperature of 25°C was found to be optimum for sewndary conidia production in all the 
isolates tested (Plate 29b). A maximum wunt of germinated wnidia was recorded with N12 
isolate (128.78) and a minimum with NAP7 (4.44) isolate The isolates belonging to Group-I, 
produced maximum number of secondary wnidia, ranging From 19 22-128.78, as against a 
minimum count recorded with NAP7 and MH74 isolates belonging to Group-I1 (4.44 and 6 11 
respectively). The diierence in secondary wnidia production was statistically significant 
Table 11. Morphological characteristics of sclerotia (without sphacelial cap) 
of sorghum ergot isolates. 
Isolate Length' Breadth' Shape Colour 
(mm) (mm) 
NAP12 2.2b 1.3' Conical to Reddish b row  
spherical 
AK1 22b 1.2C Conical to Reddish brow 
spherical 
SK-20-24 2.3b 1 .ZC Conical to Reddish brow 
spherical 
NAP4 3.8' 2b Oblong to Reddish brow 
cyl~ndrical 
NAP5 3.8' 2.1' Oblong to Reddish brown 
cylindrical 
NAP7 3.7' 2.3' Oblong lo Reddish brow 
cylindrical 
NAP13 3.9' 2.2a cylindrical Reddish brow 
SEm+ 0.094 0.079 
I s.d. 
(5% level 0.266 0.223 
CV% 9.1 13.5 
'Mean of 10 sclerotia (without sphacelial cap) 
In a column means f o l l W  by a common letter are not significantly 
different at 5% level. 
between the isolates tested (Table 12) The next best optimum temperature was found to be 20°C 
At 200C the secondary conidia production by all the isolates followed the same trend as that of at 
25". At 15"C, a drastic reduction in secondary conidia production occurred in almost all the 
isolates, except, in AP17, which recorded a maximum number of secondary wnidia (27.56) at 
this temperature At IS0C, maxirnum number (27 56) of secondary conidia was produced by the 
isolate AP17, whereas, least number (0 22) of secondary conidia was produced by NAP7 isolate 
At increased temperature of 30°C and >STC, the secondary conidia production was drastically 
reduced. The secondary conidia production was meager at 35" (Plate 29c) ranging from nil to 
5 89 and at 10°C (Plate 29a) ranging fiom nil to 7.22 in all the isolates tested The maxirnum 
secondary wnidia production was recorded with the isolate TN13 (5 89), followed by SK-20-24 
(4.78) and hm71 (3 44) isolates at 35°C The maximum secondary conidia production, at IVC 
was recorded with AP17 isolates (7 22), followed by N12 isolates (3 00) The temperatures can 
be arranged in descending order based on its influence on secondary conidia production as 25'C, 
20T ,  1S0C, 3VC and 10°C The effect of P C ,  35" and 10°C temperatures, on secondary 
conidia production are not statistically sigruficant Based on the secondary conidia production 
the isolates could be arranged in descending order as N12, Nl12, AP17, TNl3, N15, SK-20-24, 
MH71, GUJ6, NAP7 and MH74 The isolates NAP7 and MH74 from Group-11, differed 
significantly from rest of all other eight isolates in respect to secondary conidia production, being 
least at all temperature levels studied 
4.9.2 Eflect of relative humidity on secondary conidis production 
It is evident from the data presented in the Table 12 that maximum secondary conidia 
production occurred at 100% RH followed by 95%, 90%, 85%, and least at 80%, in all the 
isolates tested. The maximum count on secondary wnidia production was recorded at 100% RH 
Table 12. tttect of temperature on sewndry wnidia production of representative 
sorghum ergot isolates 
Isolates Number of germinated macroconidia' 
10 C 15 C 20C 25C 30C 35 C Mean 
Group-l 
N12 3 12.78 85 89 128.78 5.11 0.89 39.41' 
[1.92] 13.651 [9.25] [ I  1.331 [2.36] [1.357] 14,981 
N15 0.55 2.78 20 50.67 1.67 1 1 2 . 7 8 ~  
[1.219] (1.9081 [4.549] (7.1691 [1.559] [1.35] [2.96] 
N112 044 2.44 47.11 58 2 11 122 18.56b 
[1.173] [1.78] [6.81] [7.61] [1.73] (1.461 (3.431 
GUJ6 1.56 2.44 12.78 19.22 0.78 0.11 6.15' 
[l.56] [1.81] p.681 (4.471 [1.31] [1.05] (2.311 
MH71 1.78 2.89 16.33 28.11 7.22 4.78 9.96" 
[1.62] [1.94] [4.13] [5.36] [2.79] (2.031 12 981 
AP17 7.22 27.56 21.11 36.56 1.78 0.33 15.76' 
(2.851 [5.21] [4.68] [6.05] [1.64] [1.13] [3.59] 
SK-20-24 1.22 3 23.44 31.33 7 22 4 78 11 83* 
(1.421 [1.92] (4 871 15.641 [2 791 (2.331 (3.161 
TN13 0.89 2.55 22.44 43.89 6.56 5.89 13 7' 
[1.35] [I861 I4.82) (6681 (2.691 [2.49] [3.32] 
Group-ll 
NAP7 0 0.22 1.22 4.44 0.44 0 1 . 0 6 ~  
!I] [l.09] [1.44] (2.221 [1.18] [ I ]  (1.321 
MH74 0 33 0.67 1.78 6.11 1 0.22 1.69 
[ I  ,141 [ I  ,271 11.641 [2.63] [ I  ,371 [ I  ,091 [ I  ,521 
Mean 1 . 7 ~  5.73' 25.21b 40.71' 3.3gd 1.79~ 
[ I  ,521 [2.24] (4,591 [5.92] [ I  ,941 (1.531 
Isolates Temperature levels Isolates x Temperature levels 
Semt 0.907 [0.076] 0.703 [0.059] 2 22 (0.1881 
1.s.d. 2.521 [0.213] 1.953 (0 1651 6.175 [0.523] 
5% level 
CVX 50.9 [19.1] 
'Figures in parenthesis are transformed values 
Mean of nine replications. 
In a collrmn or row means followed by the same letter are not significantly 
different at 5% level. 
Table 13 Effed of relative humidity (RH) on secondary conidia production 
of representative sorghum ergotisolates. 
Isolate Number of germinated macroconidia' 
80% 85% 90% 95% 100% Mean 
Group-l 
N12 4.11 11.89 20 27.44 111.33 34.96' 
[2.2] [3.57] [4.57] [5.31] [10.58] [5.25] 
N15 2.67 7.33 14.78 16.89 57.33 19.8' 
(1.891 [ 2 . 8 ]  (3.951 (4.191 (7.621 (4.111 
N112 3.22 6.67 15.33 18.22 67.33 22.16~ 
[2.02] [2.74] [4] [4.35] (8.261 (4 271 
GUJ6 1.44 4.22 9.33 14.44 21.22 10.13e 
(1.521 (2.251 [3.18] (3911 [4.66] (3.11 
MH71 1.44 5 8.11 1278 25.89 10.64' 
[1.55] [2.41] [2.97] [3.66] (5.15) [3.15] 
AP17 2.11 3.11 8.22 13.56 30.22 11.44e 
(1.731 (1.991 (2.991 13.781 [5.55] [3.21] 
SK-20-24 2.67 7.11 11.67 13.44 37.67 14.51' 
[l.88] [2.83] [3.53] [3.76] [6.18] [3 641 
TN13 1.22 2.33 4.89 11.89 33.33 10.73' 
(1.461 (1.771 [2.36] 13.521 [5.81] [2.98] 
NAP7 0.22 0.11 0.56 1 22 1.89 08' 
[1.08] [1.05] [1.23] (1.451 [1.67] [ I  291 
MH74 0.67 0.44 1.33 2.22 2.89 1.51' 
(1.271 [1.18] [1.49] [1.75] [1.94] [ I  521 
Mean 1.9ea 48zb 942' 1321d 38.91' 
11.661 [2.27] [3.03] [3.57] 15.741 
Isolates RH levels Isolates x RH levels 
SEm+ 0.631 [0.072] 0.446 [0.051] 1.411 [0.161] 
1.s.d. (5% level) 1.755 [0.2] 1.241 [0.141] 3.924 [0.448] 
CV% 31 [I491 
'Figures in parenthesis are transformed values 
Mean of nine replications 
In a column or row means followed by same letter(s) are not sign~ficantly different at 
5% level 
with the isolate NL2 (1 11.3% followed by M I 2  isolates (67.33) (Plate 29b) The ergot isolates 
NAP7 and MH74, produced least number of secondary conidia (1.89 and 2.89 respectively) even 
at 100% RH (Plate 29b). At cent per cent relative humidity mavimum number of ( I l l  33) of 
secondary conidia was produced by N12 isolate. Whereas lean number (21.22) of saondary 
conidia was produced by GUJ6 isolate. The next best RH was found to be 95%, where even, a 
drastic reduction in secondary conidia production occurred and the maumum count was 27.44 in 
NU isolate With decrease in RH value, the secondary conidia production showed a decreasing 
trend being least at 80% RH (Plate 30a). At 80% RH the secondary conidia production of 
different isolates varied from 0.22 (NAP7) to 4 11 (h'12) The effect of RH on secondary conidia 
production was significantly varying at all RH levels Based on the secondary conidia 
production, the isolates can be arranged in descending order as N12, N112, NI5, SK-20-24, API 7,  
TN13, MH71, GUJ6, MH74 and NAP7 Among these isolates AP17, TN13, MH71 and GUJ6 
did not differ significantly The isolates NAP7 and MH74, belonyiny to Group-11, distinctly 
differed From rest of all other eight isolates vith respect to least number of secondary conidia 
production at all RH levels tested 
Based on cultural characterist~cs, morphology of sphacelia, macroconidia, microconidia 
and sclerotia and secondary conidia production, the eight isolates (N12, N15, N112, GUJ6, 
MH71, AP17, SK-20-24 and TN13) of Group-I are putatively identified as Clmdceps africar~a 
and the two Group11 isolates (NAP7 and MH74) are putatively identified as Clrrvrcepssorgh~. 
4.10 Pattern and spread of the  diseme 
The pattern and spread of the disease of two distlnct sorghum ergot isolates b a . ,  N12, 
(Afriwna type) and NAP7 (sorghi type) has been tested in growth chambers Data (Table 14) 
on aerial spread of the disease through secondary conidia revealed that the ergot disease 
Table 14. Extent of disease spread in hv~ distinct sorghum ergot isolates 
under artificial epiphytotic coniditions. 
Isolate Total Infected Total Infected % Incidence* % Severity* 
plants' plants* spikelets* spikelets' 
1.s.d (5% level) 4.139 25.16 18.81 2.925 
113 31 13.373 
Mean of three replications 
Figures in the parenthesis are transformed values 
In a column means followed by the same letter are not significantly d~fferent 
at 5% level 
incidence was more (71.21%) with N12 isolate than NAP7 isolate (15.15%) (Plate 31 & 32). 
n e r e  was no definite pattern observed in appearance of the disease, as the test plants away or 
nearer from the cenaal source of secondary conidia (foci of infection) showed the same disease 
incidence. The number of days taken for appearance of symptoms were seven days for N12 
isolate and eight days for NAP7 isolate, which were the same incubation periods, that of artificial 
inoculation of respective isolates Typical symptom of the disease, such as exudation of 
honeydew was observed in all infected test plants. The number of plants infected was lower for 
NAP7 isolate in all the experiments conducted as 2-5 plants infected out of 22 plants tested 
Whereas, 14-18 infected test plants out of22 plants were observed with N12 isolates. 
Significant diierence in percentage of infected spikelets was observed between the two 
isolates tested (Table 14). The per cent of infected spikelets was high (5.36) in w e  of N12 
isolate as against a very low per cent of infected spikelets in NAP7 (0.42) isolate 
4.11 Host range 
The disease reaction of different graminaceous hosts upon artificial inoculation with ten 
representative sorghum ergot isolates are presented in Table 15 Of the twenty plant species 
tested, only Sorghtim anord~r~aceum, S. hakeprrrse, S ~'er,rrcolor, S. ~,ir,qalrim and I'rrs~iselr~m 
glmic~rm were found to be infected by all ten representative sorghum ergot isolates (Plate 33-37) 
The infectivity in these test plants were cent per cent as all the inoculated plants showed the 
typical symptoms of the disease. Cross inoculation from infected host plant species to sorghum 
male sterile line 296A was found to be infective On all the sorghum wild genotypes honeydew 
exudation was observed 7 days of inoculation and on P. glarmcm honeydew exudation, was 
observed only after I0 days after inoculation. In P. glaunrm there was no profuse exudation of 
honeydew, whereas, in wild sorghum genotypes, profuse honeydew exudation was observed 
Table 15. Reaction Of various graminaceous hosts to ergot infection upon art~ficial 
inoculation with ten representative isolates. 
plant species Disease Incubation Type of symp- 
reaction period tom observed 
Sorghum arundinacium t 7 Honeydew 
S halepense + 7 Honeydew 
S versimlor t 7 Honeydew 
S virgatum + 7 Honeydew 
Pennisetum glaucum t 10 Honeydew 
P ped~cellatum 
Zea mays 
Panicum antidotale 
P, maximum 
P, maximum 
Brachlana mutica 
B decumbense 
Cenchrus ciliaris 
C. setigerus 
Andropogon gayanus 
D~canthium annulatum 
Chrysopogon fulvus 
lseilema laxum 
Bothriochloa periusa 
Chlons gayana 
(t) Infected, (-) No infection 
Table 16. Cunidial measurements of sorghum ergot isolates (N12) on different hosts. 
Macrownidia 
Host Length @m) I Breadth @m) D~ameter of 
Range Mean* I Range Mean* microconidia* Shape 
I 
;orghum arundinaceum 10.28-15.42 13.6' 5.14-7.71 6.97' 2.57b Cylindrical 
s halepense 12.85-18 14.73' 6.43-7.71 7.56' 2.5gb Cylindrical 
s versicolor 12.85-16.71 14.66' 5.14-7.71 6.72' 2.57b Cylindrical 
S virgatum 12.85-16.71 17.04a 5.14-9 7.32ab 2.57b Cylindrical 
Pennisetum amencanom 7.71-14.13 15.24' 5.14-8.99 7.48' 3' Elliptical or 
spindle shaped 
$Em+ 1.811 0.132 0.045 
s d (5% level) 5.05 0.368 0,126 
2V % 14.5 12.7 11.9 
ivlean of 50 conidia 
[ I  a column mean followed by a common letter@) are not significantly 
d~fferent at 5% level. 
Table 17. Conidial measurements of sorghum ergot isolate (NAP7) on different hosts 
Hosts Mauoconidia Diameter of Shape 
Length @m) Breadth @m) micrownidia 
Range 1 Mean 1 Range 1 Mean bm) 
Sorghum arundinaceum 7.71-15.42 9.53 5.14-6.42 5.78 2.57 Cylindrical 
S. halepense 6.42-10.28 9.18 3.86-6.42 4.52 2.72 Cylindrical 
S. versiculor 7.71-11.56 10.07 5.17-7.71 6.65 2.57 Cylindrical 
S. virgatum 7.71-12.85 9.48 5.14-6.42 5.91 3 Cylindrical 
Pennisetum glaucum 6.42-8.99 7.45 3.86-5.14 4.88 2.57 Elliptical to 
spindle 
Semt 0.992 0.528 0.037 
1.s.d. (5% level) 3.981 0.413 0.279 
CV% 16.3 14.7 12.4 
' Mean of 50 wnidia 
In a column mean followed by a common letter@) are not significantly different at 5% level 
The consistency of honeydew was very thick in case of all the infected plant species. Sclerotial 
formation was not, however, observed on any of the five infected hosts. 
Microscopic examination of the honeydew collected from the infected-hosts, revealed 
certain variations in size and shape of the maaoconidia (Table 16 & 17). The length of the 
macroconidia on collateral hosts varied from 13.617.04 pm, and breadth from 6.97-7.56 pm. 
There was no variation with respect to the f i e  and shape of the microconidia. There was a 
siflcant reduction in the size of macroconidia on different host plants, when compared to the 
macroconidia on sorghum male sterile line 2 9 6 4  with all the representative isolates tested. 
Variation in the shape of macrownidia on Perirrisehrm glauarm was observed They 
showed dimorphism. Some were elliptical, while the others were elongated or spindle shaped. 
The shape of the macroconidia on wild sorghum genotypes did not show much variation, except 
the wnidia were thinner than those on sorghum. 
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Plate 21. Photonlicrosraph showing macroconidia of N12 isolate (Group-I) 
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Plate 23 Naturally ergot infected sorghurn panicle with sclerotia 
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(a) Infected spikelet without sclerotium 
(b) Infected spikelet with sclerotium 
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Plate 25. Sclerotia of SK-20-24 ergot isolate (Group-I) 
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Plate : 1 
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CHAPTER V 
DISCUSSION 
Ergot disease of sorghum is a serious constraint in the production of FI hybrid seeds, an 
essential input in productive sorghum cultivation systems causing 1&80% yield losses 
(Bandyopadhyay r l  u l ,  1991) The pathogen Cluvrceps sorghr, causing sorghum ergot is very 
much confined to India and was the only ergot pathogen reported by several earlier workers from 
lndia Recently, Bogo and Mantle (1999) reported the occurrence of ('. ufrrcafru in India, which 
was confirmed by Pazoutova el a1 (2000) and Tooley rt ul (2000) The earlier reports from 
lndia are known to describe the pathogen ( .  sorghr and the reports of 1980s and 1990s are 
describing more about (', qfrrcunu, rather than ('. sorghr This shows a gradual change in the 
species complex in lndia, over the period The specles complex and distnbut~on of the two ergot 
pathogens from different parts of sorghum growing areas remained unclear This prompted, 
tak~ng up an investigation on studies pertaining to diversity of sorghum ergot pathogen occurring 
in India 
An investigation was carried out with eighty nine isolates collected from the survey 
conducted in major sorghum growing areas of India Studies on cultural characters, oi vrvo 
variation in sphacelia, conidia and sclerotia, effect of temperature and relative humidity on 
secondaty conidia production, extent of disease spread and host range of the pathogen were 
made The results of the present investigation were critically analyzed and discussed below with 
the light of past information available on this subject and conclusions are drawn under the 
following sections 
5.1 Isolation of the pathogen 
Like the earlier findings of Spalla (1973) and Pazoutova er a/. (2000) the fungus 
associated with the ergot disease could be easily Isolated on T2 agar medium using sphacelia 
obtained from the infected sorghum spikelets This suggests the best suitable medium and best 
suited isolation material to obtain pure culture of the sorghum ergot pathogen Since, chances of 
contamination are more in isolation of ergot pathogen using sclerotia or honeydew, the choice of 
sphacelia proved to be the best way of isolation of Sphuceliu .sorghi 
5.2 Cultural characteristics 
The growth of Sorghi type isolates was cottony, velvetty with aerial hyphae Similar 
observations on the morphology of the fungus were reported by Ramakrishnan (1948) and 
Nagarajan and Saraswathi (1974), while describing the culture of ('1uvrcep.s surghi. Sorghi type 
isolates sporulated on the medium, which were infective on sorghum male sterile line 296 A 
Similar results were obtained by Chinnadurai (1972) and Nagarajan and Saaswathi (l975), while 
working with Cluv~ceps orghi, the ergot pathogen of India. But in contrary to their reports on 
the profuse sporulation on KirchotPs medium, the sporulation was sparse on the TZ agar 
medium This may be attributed to the differences in the medium used, as well as suggesting the 
possible genotypic variation in the pathogen isolates There was no puckering, in the cultures of 
Africana type isolates The cultural characters of isolates belonging to Africana type were quiet 
differing from Sorghi type isolates and are in agreement with the report of Bogo and Mantle 
(1999) The culture was compact, fleshy, white with low to high degree of puckering and failed 
to sporulate on the medium This confirms the possible relatedness of these isolates to (,'Im3iceps 
africana The growth rate of Africana type isolates were very less when compared to the isolates 
belonging to Sorghi type (Fig 5 and the maximum diameter of the colony obtained was less in 
Isolates 
Figure 3. Growth rate of representative sorghum 
ergot isolates on T2 agar medium 
- .- -- - - - - 
Isolate 
Figure 4. Maximum radial growth on T, agar 
medium in representative isolates of 
Sphacelia sorghi 
. .- -- 
Afiicana type due to its slow growth rate when compared to the isolates belonging to Sorghi 
type, which grows more faster than the former (Fig 4 ) 
5.3 Sphacelial morphology 
Sphacelia of Sorghi type isolates (NAP?, NAPS, NAP7, NAP13 and MH74) were bigger 
than the sphacelia of Africana type isolates with respect to length and breadth (Fig 5 I .  This may 
. , 
be attributed to the fast as well as \igorous growth of Sorghi type isolates than Africana type 
isolates, thus covering the ovary more efficiently than the latter The sphacelia of S o r b  type 
isolates were white, more cylindrical, bilaterally grooved Similar observations were recorded 
by Sangitrao and Bade (1979b) and Frederickson er al. (1991) while working with Clawceps 
sorghi Whereas, sphacelia of isolates belonging to Africana type (Nl2, NIS, N112, GUJ6, 
MH71, SK-20-24, AP17, TN13) were white, oval to spherical in shape, which are in agreement 
with the report made by Frederickson et a1 (1991) while describing C'lavrrep.~ africmra The 
length of the sphacelia of Africana isolates were 2.92-j.6 q which is in contrary with the 
observation (5-8mm) recorded by Frederickson et a1 (1991). This may be due to the variation in 
the sue of ovary of sorghum host genotype. The morphological studies of sphacelia of two types 
of isolates suggest the greater relatedness of isolates belonging to both Clm,rceps sorgh~ and 
5.4 Conidial morphology 
Macroconidia of isolates belonging to f i c a n a  type were oblong with more length and 
breadth (9-18 x 5 149pm)  than macroconidia of Sorghi type isolates, which were more 
cylindrical with lesser breadth and length (9-18 x 5.14-7 71 pm) (Fig 6). Similar observations 
on conidial morphology were made by Kulkami ef a / .  (1976) and Frederickson el al. (1991) 
while working with Clmceps sorghr and Clmrceps afrrcmla respectively 
Isolates I 
Figure 5. Size of sphacelia of representative 
isolates of Sphacelia sorghi 
N12 N15 Nil2 GUJ6 MH71 AP17 SK-20- TN13 NAP7 MH74 
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Isolates I 
Figure 6. Size of rnacroconidia of 
representative isolates of sphacelia sorghi 
The macroconidia are hyaline, mononucleate, slightly constricted at the centre with two 
polar vacuoles (guttulations) Similar observations were made by Sundaram (1970), Kulkarni ei 
a l ,  (1976), Bandyopadhyay eiul (1990) and Frederickson rt a1 (1991). 
5.4.2 Microconidia 
In the present study, no variation In shape and size of microconidia was observed in 
different sorghum ergot isolates Similar observations were made by Sangitrao (1982) and 
Frederickson el a1 (1991) while describing m~croconidia obtained from difference sources from 
different regions The microconidia were hyaline, spherical and measuring 2.5-3 8pm (Fig 7 ) 
The shape and size of the microconidia recorded in the present investigation are tallying with the 
dimensions given by Kulkami el a1 (1976), Bandyopadhyay el a1 (1990) and Frederickson ri ul. 
(1991) 
5.5 Sclerotial morphology 
None of the isolates under investigation has produced sclerotia in the infected sorghum 
male sterile line 296A on artificial inoculation, even afler providing the optimum environmental 
conditions for sclerotial production in growth chambers This may be attributed to unfavorable 
host genotype used in the study which failed to induce sclerotial production However sclerotia 
are formed under natural condition in seven ergot isolates (NAP4, NAPS, NAP7, NAP12, 
NAPI3, AKI, and SK-20-24) collected during the survey The sclerotia obtained from the 
farmers' fields during the survey were formed on the sorghum cultivars viz., CSH9, MSHSI and 
JK22 This suggests the probable genotypes favouring the sclerotial production upon infection by 
the pathogen at optimum environmental condition The sclerotia of isolates belong to AFricana 
type were smaller in sue (4 1 4 . 4 2  x 1-1.5 mm) when compared to the bigger siied sclerotia 
IB  Diameter! 
N12 N15 N112 GUJ6 MH71 AP17 SK-20- TN13 NAP7 MH74 
24 
Isolates 
Figure 7. Size of microconidia of 
representative isolates of Sphacelia sorghi 
(8.16-10 24 x 1-1 5 mm) of Sorghi type isolates (Fig 8 ), this may be due to the presence of 
lengthy sphacelial tissues on the surface of sclerotia of ('lavrceps sorghr than in Clavrceps 
ufrrcana which has smaller sphacelia. Similar observations on variation in size of sclerotia were 
made by Kulkarni el a1 (1976), Sangitrao (1982), Frederickson er a1 (1991) and Bandyopadhyay 
et a1 (1996) But, Sangitrao (1982) attributed the variat~on in the size of sclerotia to the variation 
in host genotypes which favor sclerotial product~on But in our study sclerotia formed on the 
same sorghum cultivar CSH 9 infected by (', sorghr and ('. ufr~cunq varied distinctly In their 
length, suggesting the differences in sclerotial size of (: sorghr and (: ufrrcunu The shape of 
the sclerotia were oblong to cylindncal in the Sorghi type isolates and were conical to elliptical 
in isolates belonging to Africana type. The size of the sclerotia without sphacelial cap were 
found to be bigger (3 7-3 9 x 2-2 3 mm) In Sorghi type isolates than Africana type isolates (2 2- 
2 3 x 1.2-1 3 mm) (Fig. 9 )  This disproves the influence of size of sphacelial tissue in 
increasing the size of sc l e ro t i~od ies  of Clmicepr sorghl, thus proving the sclerotia as itself is 
bigger in ('laviceps ~orghi than Clavicepi afrrcuna. The sclerotia were further influenced by the 
amount and length of sphacelial tissue present on the surface of the sclerot~a The colour of the 
scleortia was reddish brown in both the type of isolates 
5.5 Secondary conidia production 
5.5.1 EFlect of temperature 
In the present investigation, isolates belonging to both the distinct groups produced 
secondary conidia in controlled environmental condition. Production of secondary conidia is a 
noval phenomenon in Claviceps afrrcar~a (Frederickson et a l ,  1991) not observed in Clavice~~s 
sorghr Bandyopadhyay el a/ .  (1990) reported the production of secondary conidia in C. sor~hr 
NAP13 NAP12 
Isolates 
1 Figure 8. Size of sclerotia (with sphacelial cap) of 
sorghum ergot isolates 
Isolates 
Figure 9. Size of sclerotia (without sphacelial cap) 
of sorghum ergot isolates 
111 
in controlled environment cabinets. In the present study the Africana type isolates produced 
more number of secondry conidia at all temperature levels (showing peak level at 2S°C) when 
compared to the isolates of Sorghi type Similar reports on the large number of secondary conidia 
production by ('. africa?~u were made by Frederickson el ( I /  (1989) and Bandyopadhyay et a/. 
(1996) while working with (', afnca?ia The present study shows that the optimum temperature 
for secondary conidia production is 25°C (Fig lo), which is in contrary with the temperature 
/5- 
suggested by Manzarpour (1985) where he has fioposed a temperature range of 25-30°C as 
favourable temperature Although maximum number of secondary conidia was produced at 
2S°C, there was a strong interaction between temperature and production of secondary conidia by 
different ergot isolates Bandyopadhyay et a/ (1996) reported 2 M 2 T  as most favourable 
temperature for secondary conidiation In our study least secondary conidiation was observed in 
35"C, which is in agreement with the report made by Bandyopadhyay el ul (1990 and 1996) 
Secondary conidiation starts declining with decrease in temperature below 25°C and increase in 
temperature above 25°C (Fig iO) In our study the isolates belonging to North India (Uttar 
4 
Pradesh and Rajasthan) produce more number of secondary conidia at 2S°C, when compared to 
the isolates of South Indian origin. This may be attributed to the similar environmental 
conditions (near 20°C and 100% RH) which prevail in Northern India, to which the isolates 
would have got adapted At a temperature of 35°C the isolates MH71, SK-20-24 and TN13 have 
produced more number of secondary conidia when compared to the other isolates This may be 
due to the existence of higher temperature (>30°C) in the those regions of these isolates, to 
which they got adapted. The optimum temperature obtained in the present study was in contrary 
with the observations made by Bandyopadhyay el a/. (1991) and other observations are in 
agreement with their results This may be due to the In vivo condition provided for the secondary 
Isolates 
Figure 10. Effect of temperature on secondary conidia 
production of representative isolates of Sphacelia 
sorghi 
"Out of thousand macroconidia counted 
conidiation to occur, whereas in the study conducted by Bandyopadhyay el a/. (1991), they 
provided nl vrtro condition by studying secondary conidiation on water agar surface 
5.5.2 Effect of relative humidity 
Secondary conidia production was found to increase with increase in relative humidity 
and was peak at saturation level of 100% (Fig I I )  Similar observations were recorded by 
Frederickson er al. (1989, 1991, and 1993) while working with (', afrrcar~u and Bandyopadhyay 
el a1 (1990 and 1996) while working with ('. afrrcana and (: sorgh~ Supporting the report of 
Bandyopadhyay et a1 (1998) the rate of secondary conidia production was higher in all the 
isolates belonging to Africana type, whereas the secondary conidiation was least in isolates 
belonging to Sorghi type (Fig 1 I )  
In all the experiments conducted, there were significant variations exist within the 
Afncana type isolates as well as within Sorghi type tsolates This may be attrtbuted to their 
genetic nature of the isolates and to their adaptation to the different environmental condition, 
exist~ng in different geographical locations 
5.6 Pattern and spread of the disease 
In present investigation the isolate belonging to Africana type (NI2) has shown h~gher 
percentage of disease incidence and percentage spikelets infected, when compared to the tsolate 
belonging to Sorghi type (NAP7) Thus the rate of disease spread was more in case of former 
when compared to the latter (Fig 12)) This may be attributed to high degree of secondary 
conidiation in Africana type isolateswhen compared to the least secondary conidiation in the 
Sorghi type isolates The present study confirms the reports on role of secondary conidia in the 
Isolates 
Figure 11. Effect of RH on secondary conidia 
prodction of representative isolates of 
Sphacelia sorghi 
*out of thousand macroconidia counted 
N12 NAP7 
Isolates 
Figure 12. Extent of disease spread in two 
isolates of Sphcelia sorghi 
aerial spread of the disease by Frederickson el a1 (1989 and 1993) and Bandyopadhyay el a1 
(1991), under natural conditions. 
5.7 Host range 
Records of collateral hosts of (I africanu and C.  surghr are numerous but inconsistent In 
the present investigation an attempt has been made to study the host range of sorghum ergot 
isolates belonging to two distinct groups viz ,  Sorghi type and Aficana type Of the twenty 
graminaceous host plants tested only five host plants vl: , Pe~rrrrsrtvm urnerrcatam, Sor&rm 
un~ndirruceum, S halepensel S. versrcolor, and S. vrrptvm were infected by all the ten 
representative isolates confirming their susceptibility to sorghum ergot pathogen Ramakrishnan 
(1947), Sundaram (1970), Boon-long (1992) and Alderman (1999) also reported infection of 
these hosts by Sphacelia sorghr. In contrary to the reports made by Futrell and Webster (1966) 
and Chinnadurai and Govindaswamy (1971), the graminaceous hosts Zea mq,s, ('henchrtrs 
crlrurrs and C. setrgerus were found to be non-hosts to the sorghum ergot pathogen Similar 
observations were made by Sundarm rr 01. (1970) In the present study, I'awrcum mccr~m~tm, P. 
awrrdu/ale, Oicanthium mr~rttlattrm were found to be non-hosts to the pathogen, which is in 
agreement with the report by Chinnadural and Govindaswamy (1971) and Sundaram el a1 
(1970) But contary reports were made by Futrell and Webster (1966), Molefe (19751, Boon- 
long (1992) and Sangitrao and moghe (1995) as they reported, the plants to be hosts of the 
pathogen. The controversy over the host plants may be attributed to the differences in inoculation 
methods adapted and the type of genotype used by the workers It is interesting to note that the 
conidial sue and shape of S. sorghr were altered when passed on to different hosts The shape of 
the rnacroconidia on wild sorghum genotypes did not show much variation, except the conidia 
were elongated and thinner than those on sorghum The macroconidla, on Pe~~niselurn gluucum 
showed dimorphism. Some were elliptical, while the others were elongated or spindle shaped 
Similar reports were given by Chinnadurai and Govindaswamy (1971), while describing the 
macroconida of Sphacelru sorghr on maize 
There was a reduction in the size of macroconidia of both the distinct groups of ergot 
isolates on different host plants tested Similar reports on reduction in the size of macroconidia 
on other hosts are reported by Chinnadurai and Govindsaarnv (1971) 
Based on cultural characters such as, colony diameter, colony texture, colony colour, 
nature of growth, pigmentation and sporulation on medium, sphacelial morphology, shape and 
size of macro and microconidia, secondary conidia production, sclerotial morphology and 
pathogenicity tests, the Group-I isolates (N12, NIS, NI12, GUJ6, MH71, AP17, SK-20-24 and 
TN13), are putatively belonging to C. ufricutra and the Group-I1 isolates (NAP7 and MH74) 
putat~vely belong to C Sorghr, which were fast growers and had no puckered growth in culture 
compared to the isolates putatively belonging to C afrrcu~w Majority of the isolates collected 
from different parts of the country had characters similar to that of ('. ufrrcurru Of the 89 isolates 
collected and studied In the present investigation only five isolates w z ,  NAP4, NAP5, NAP7, 
NAP13 and MH74 were of C sorghi type and the rest of 84 isolates were of ('. ufrrcurru type, 
indicating predominance of C ufrtcuna occurrence in major sorghum growing areas of India.(Fig 13) 
However there were a large number intermediate types, as considerable variations were noticed 
in their cultural characters Thus the cultural characters appear to be a poor ind~cator of identity 
of sorghum ergot pathogen species Further, confirmation on the identity of sorghum ergot 
species should be based on molecular characterization using DNA based methods vrr , random 
amplified polymorphic DNA analysis (RAPD), amplified fragment length polymorphism 
(AFLP), random amplified microsatellite (RAM) and radioactive amplified fragment analysis 
Clav~ceps africana 
+ Clav~ceps sorgh~ 
- - - -- - - - 
F~gure 13 Dlstnbubon of sorghum ergot pathogens In lndla 
(RAFS), which will throw more light on diversity of  sorghum ergot pathogen isolates occurring 
in India. 
Future lines of research 
The results of the present study indicated the need for future research in the following 
areas. 
Estimation of dihydroergosine (DHE), a key factor which differentiates the pathogen at 
species level and standardization of procedure for the estiniation of DHE 
More emphasis on molecular characterization of the isolates through random amplified 
polymorphic DNA analysis (RAPD) or amplified fragment length polymorphism 
(AFLP) or random amplified microsatellite (RAM) or radioactive amplified fragments 
analysis (RAFs). 
Detailed studies on biology of sclerotia and stroma of (: afri~,at~u of Indian isolates 
Understanding the sources of primary inoculum and their relative relevance to Initiate the 
disease at field level. 
r Understanding the effect of environmental conditions, particularly low temperature, on 
infection and flowering biology and their interactions 
0 Formulating disease forecasting model based on environment and host parameters to 
predict the occurrence of disease in seed production plots thus enabling judicious and 
need based use of fungicides 
r Intensiij~ng search for resistance in male sterile lines of sorghum 
 SUMMARY AND CONCLUSIONS~ 
CHAPTER VI 
SUMMARY 
The present investigations on diversity of sorghum ergot pathogen isolates occuning in 
India were undertaken at the International Crop Research Institute for the Semi-arid Tropics 
(ICRISAT), Patancheru, Hyderabad 502 324, Andhra Pradesh 
Ergot or sugary disease of sorghum (Sorghim brcolor (L ) Moench) caused by Sphacrlra 
sorghi McRae has attained international prominence since it affects sorghum cultivation as well 
as sorghum seed production throughout the world, wherever sorghum crop is grown. In India the 
disease occurs in severe form in all the major sorghum growing states. Three Clavicpes species 
causing the disease have been reported from different parts of the world. Clmrceps sorxhr in 
India, Cl~n.iceps sorgliicola in Japan and Clariceps afrrcmra in all ergot-positive countries In 
India occurrence of Clm~icrps sorghr and Clarrceps afrrcana has been reported and been 
confirmed by several workers But the genetic diversity of the ergot pathogen and its 
distribution m Indla has not been investigated so far. Therefore, investigations were carned out 
with 89 ergot isolates collected from different major sorghum gowing areas of Uttar Pradesh, 
Rajasthm, Gujarat, Maharashtra, Andhra Pradesh, Karnataka and Tamil Nadu Of the 89 ergot 
isolates 27 isolates bom Andhra Pradesh (18 locations), 24 isolates from Karnataka (19 
locations), 12 isolates born hlaharashtra (9 locations), five isolates bom Tamil Nadu (4 
locations), 10 isolates t o m  Unar Pradesh (7 locations), 3 isolates from Udaipur district in 
Rajasthan and 8 isolates from Surat district m Gujarat were collected The pathogenicity were 
proved by spray inoculation of the conidial suspension (1x10~  conidia mi') to the fresh panicles 
of ergot susceptible sorghum male sterile line 296A and the re-isolated fungus from the diseased 
earheads resembled the original one. The isolates were maintained on sorghum male sterile line 
296.4 by periodic spray inoculation with c o ~ d i d  suspension Each isolate was cultured on TI 
agar medium using young Sphacelia obtained from besh infected panicle of sorghum male 
sterile line 296A The isolates were grouped based on cultural characters into two major distinct 
groups, one with compact, fleshy, raised, non-sporulating colony, with low colony growth rate 
and less colony diameter (A6icana type) and another with cottony, velvety, submerged, 
sporulating colony with higher colony growth rate and more colony diameter (Sorghi type) on T2 
agar medium 
Ten isolates represenung all geographical locations (eight isolates from Aiiicana type, 
vr: , N12, NIj, NI12, GU16, MH71, AP17, SK-20-24, TN13 and two ~solates from Sorghi type 
1~12, NAP7 and MH74) were selected for further studies pertaining to nr w i o  variations in 
morphology of sphacelja, comdia and sclerotia, effect of temperature and relatlve hum~d~ty on 
secondary conidia productioq extent of disease spread and host range 
Sigtuficant variation was observed with respect to size (length and breadth) and shape of 
the sphacel~a of two distinct g o u p  isolates The sphacelia of Africana type isolates measured 
2 92-3 6 x 1 9-2 26 mm, and the conical to spherical in shape, whereas, the sphacel~a of Sorghi 
type isolates measured 4 3 8 4  72 x 2 94-3 06 mm, and were oblong to cylindrical in shape 
Microscopic studies revealed that macroconidia belonging to two dlstinct groups of 
isolates varied widely in respect to  their siie and shape The macroconidla of isolates belongng 
to Africana type were oblong to elliptical measuring 10 28-18 x 6 43-9 pm whereas, the 
macroconidia of Sorghi type isolates were narrower, cyiiidrid, comparatively smaller in size 
measuring 9-18 x 5 14-7 71 pm The conidia of both the type of isolates were two guttulated 
and are slightly constricted at the center None of the isolates under study have produced 
sclerotia in controlled environmental conditions (at 35" temperature and 40% RH) The 
studies on sclerotial morpholog~ using the sclerotia collected from the surveyed fields revealed 
the variations with respect to size and shape of the sclerotia of two distinn goups The sclerotia 
of Aliicana type ( A N ,  NI12 and SK- 20-24) isolates were always shorter than that of sot& 
type (NAP4, NAP5, NAP7 and NAP13) isolates The sclerotia of Africana type isolates were 
conical to  spherical, short measuring 4 1-4 42 * 1 4-1 82 nun, whereas, the sclerotia of Sorghi 
type isolates were cylindrical to conical measuring 8 1&10 24 1 84-2 04 mm Significant 
variations in morphological characters were observed within the ergot isolates of the same g o u p  
There was significant effect of temperature on secondary conidia production of Sphacelia 
sorghi Of the different temperatures tested, m a ~ u m  sporulation recorded at 25'C and poor 
sporulation was observed at 10°C and at 35°C Statistically significant effect of hum~d~ty on 
secondary wnidia production of the isolates was observed Maximum secondary conidia 
production occurred at 100 per cent hunudity followed by 95, 90, 85 and 80 per cent hum~dity 
levels However, poor sporulation was rewrded at 80 per cent relatlve hum~dity Humidity was 
found to be positively correlated with secondary conidia production in d~f i r en t  ergot isolates 
Secondary conidia production was found to be higher in the ~solates belonging to 
Africana type than Sor& type isolates at all temperature and relative humidity levels It is 
evident from the study that production of secondary wmdia is affected to a greater extent by 
temperature and relative humidity factors Maximum secondary conidia production occurred at 
25C and at 100 per cent relative humidity Hi&est secondary conidia production was recorded 
in NU isolate belonging to Africana type and least in NAP7 isolate belonging to Sor& type 
Studies on pattern and spread of the disease revealed the fact that isolates belonGg to 
Africana type spreads more efficiently in an extensive manner than isolates of Sorghi type The 
present investigation also confirms the aerial spread of the disease through the air-home 
secondary corudla produced by the pathogen There was no d e h t e  pattern observed m 
appearance of the d~sease, as the test plants away or nearer from the central source of secondary 
coludla (foc~ of mfect~on) showed the same d~sease mc~dence The percentage lnc~dence and 
percentage seventy was found to be hgher (71 21 and 5 36, respect~vely) In N12 Isolate than In 
NAP7 Isolate (I5 15 and 0 42, respect~vely) 
Host range of sorghum ergot pathogen was studled ustng twenty graminaceous plants 
~ncludtng four wld sorghum genotypes Of the 20 hosts tested only five were found to be 
Infected by all the representattve ~solates The wdd sorghum genotypes vt:, S o r f i m  
an~t~dr~lacetrm, S holeperlse, S vers~color, S r3rrgatvm and Pet~rrrsetrrm glauarm showed the 
typtcal symptoms of the disease sehen days after arttfictal ~noculatton All other grass plants, 
Perulrsetrtm pedtcellattim and &a m q s  were found to be non-hosts of the pathogen The lsolates 
belonglng to two d~stlnct groups were found to be equally infecttve to the collateral host specles 
tested 
Mlcroscop~c exanunatlon of the honeydew collected From the Infected hosts, revealed 
certam vanatlons In sue and shape of the macrocomdla 
There was slpiuficant reduction In the slre of macrocomdla on d~tierent hosts plants, 
when compared to the macroco~dla on sorghum male stenle ltne 2 9 6 4  wtth all the 
representatwe ~solates tested On P glaucum macroconid~a showed dlmorphsm wtth elllpt~cal 
and elongated or sptndle shaped corud~a However, the shape of the macrocon~dla on wlld 
sorghum genotypes d ~ d  not show much vanatlon, except the comdla were t h ~ e r  than those on 
sorghum 
Based on cultural characters (colony d~ameter, colony texture, colony colour, nature of 
growth plgmentatlon and spomlat~on on medlum), sphacellal morphology, shape, and sue of 
macro and n i r c r o ~ ~ f i a ,  secondary conidia production, sclerotial morphology and pathogenicity 
tests, the eighty four isolates putatively belong to Clmrceps opicmm and five ergot isolates 
putatively belong to C h ~ i c e p s  orghr, indicating the predominance of C. afrrctvla in all sorghum 
growing areas in India 
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